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SUMMARY AND GENERAL REPORT. 


The work of the Laboratory during the past year has been 
directed mainly to plankton, but the results are far from being 
ready. The following report, as will be seen, refers to other 
investigations, which have progressed sufficiently to warrant 
publication. 

An opportunity was taken during a voyage of the ‘‘ Evadne” 
to test an otter trawl, and although the results are not quite 
comparable with those obtained with the use of the beam trawl, 
they are interesting enough to record. 

The herring investigations during the past year were 
extended, and samples were examined by Mr. Storrow and 


Mrs. Cowan from the west of Ireland, the Irish Sea and the 


Firth of Clyde, as well as from the North Sea and the waters 
about the north-west of Ireland and the north of Scotland. 
Altogether, 25 samples, comprising some 4,700 herrings, have 
been examined. 

The age composition of the shoals is much the same as in 
the previous year, if allowance be made for the fish being a 
year older. Further evidence has been obtained which supports 
the idea that abnormal numbers of young fish joined the spring 
spawning shoals of 1921. The Firth of Clyde shoals differ from 
other shoals in having their greatest numbers belonging to the 
1917 year-class, and an abundance of the same year-class was 
indicated in the waters to the west of the Shetlands by a sample 
obtained in June of this year. 

The failure of the fishery is held to be due chiefly to a 
shortage of fish with three winter rings, and this shortage in 
summer shoals was intensified by the young fish joining spring 
spawning shoals in 1921. The Yarmouth grounds received 
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additions of older fish throughout the season, and with these 
additions the quality—never good—improved. 

A large quantity of data has been accumulated relating to 
the growth of the herring, but is not here published unless it 
refers to shoals not previously sampled. 

Further sampling of Yarmouth shoals points to recovering 
spents remaining in Yarmouth waters until June. Whilst the 
Firth of Forth shoals appear to have received additions from 
the 1918 year-class, there is no datum which points to their 
being recruits from the 1917 year-class. The Firth of Clyde 
herrings differ in growth from those of the north-west of 
Ireland and to a less extent, and only in later years from the 
fish of the Irish Sea. 

Attention is drawn to the formation of a new spawning 
ground for spring herrings in our district. For two years now 
shoals have spawned between Holy Island and Berwick in 12 to 
15 fathoms. 

Mrs. Cowan reports on the size of the herrings examined. 
From the differences found between the samples from the 
Shetlands in July and August it is evident that many shoals 
frequent these northern waters, and further work is necessary 
before a full knowledge of their number can be obtained. To 
a less extent. the same applies to the shoals of the north-west 
of Ireland and those of the north of Scotland, between the 
Sutherlandshire coast and the Butt of Lewis. The Irish Sea 
samples show these herrings to be of a much smaller size than 
those examined from the north-west coast of Ireland. 

Mr. Storrow in a paper entitled ‘‘ Notes suggestive of further 
work in Herring Investigations’ has brought together a number 
of facts and coincidences which are worthy of consideration. 

Some of the results of the work in biochemistry are com- 
municated in three short papers by Miss Meek. In that relating 
to the salinity of the inshore waters, attention is drawn to the 
influence of the ebb tide in bringing water of low salinity 
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derived from the Tyne into the neighbourhood of Cullercoats. 
The pollution of the Tyne has occupied a good part of the time 
of the biochemist. An experimental sub-committee for the 
watershed of the River Tyne has been formed with a view to 
making enquiries and reporting to the Ministry’s Standing 
Committee on Rivers Pollution. A full general report is being 
prepared, but a general account of the nature of the work and 
of the results is given. Miss Meek also contributes a short 
note on the influence of temperature on the growth of Zoarces. 

Mr. Flattely describes a variety of Plewrocrypta galatheae, 
and I have mentioned the discovery of a new species, Glosso- 
balanus marginatus, off the Longstone, an account of which will 
be published in the ‘Quarterly Journal of Microscopical 
Science.” 

Faunistic Notes are appended by Mr. Storrow. 

In conclusion, I would like to express my thanks to all who 
send their publications to the Laboratory’s library, and to those 
who have responded so generously to the librarian’s request 
for exchanges. 

ALEXANDER MEEK. 
October 350th, 1922. 


TRAWLING EXPERIMENTS. 


By A. MEEK. 





The experiments were made to test a small otter trawl, and 
the results are not therefore comparable with those of previous 
experiments. 

The mesh of the net is larger than that of our beam trawl, 
and the larger mesh is effective in preventing the catch of the 
smaller flat fish. It was interesting to see, however, that the 
numbers captured at the stations examined bore the same pro- 
portion as our experiments in former years have shown to be 
so characteristic of the coastal waters. The catches are, for this 
reason added to our records. The tables show that if the younger 
fish are poorly represented, the older fish were similar in numbers 
to those of previous years. 

The experimental hauls were made in September last year. 
At Skate Roads, as we have had occasion to note before, there was 
a quantity of weed, and the plaice especially indicated its presence 
by their dark colour. In former years also we have recorded 
the presence in the bays at this season of September of large 
numbers of edible crabs in the soft condition. Such were present, 
and were particularly abundant at Skate Roads and at Alnmouth. 
The numbers captured in an hour were 25 at Skate Roads and 
30 at Alnmouth. Although it is not an unusual occurrence, it 
is worth stating to indicate to what a large extent crabs cast in 
the autumn, and the dispersion which takes place after the event. 
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HERRING INVESTIGATIONS. 
1—HERRING SHOALS. 


By B. STORROW. 


The object of the investigations during the past year was 
to obtain further evidence as to the age composition and develop- 
ment of the herring shoals already sampled, to obtain information 
with regard to the May, June and early July shoals which are 
known to occur under favourable circumstances off the north- 
west of Ireland, the Atlantic side of the Hebrides, to the west 
of the Orkneys and Shetlands, and also in Yarmouth waters, 
and to extend our knowledge of Irish herrings by the examination 
of samples from the Irish Sea. 

As in 1920, frequent examinations of the samples displayed 
for sale at the herring ring at North Shields fish quay were relied 
upon to give a knowledge—more extensive than could have been 
obtained by the examination of samples at the Laboratory—of 
the summer shoals of young developing herring. Autumn spawn- 
ing shoals have been examined from the grounds off Lerwick, 
Wick and Peterhead, and the East Anglian fishery yielded samples 
from Yarmouth in June, October, November and December. 
The spring spawning shoals off the Shetlands, the north coast 
of Sutherlandshire and the Firth of Forth were sampled in the 
early months of this year, and on account of the improvement 
of the Firth of Clyde fishery, samples were obtained from Girvan 
in February and early March. Samples from the Irish Sea were 
examined from the end of June to the beginning of September, 
and the spring spawning shoals as fished from Buncrana were 
dealt with in January and March. From Galway a sample was 
obtained in December. 

The unsettled state of Ireland made it impossible to forward 
any samples of the early summer fishery, May, June and early 
July, from the north-west coast, but Mr. G. P. Farran measured 
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and sealed a sample at Downings in June, and forwarded the 
scales to me for age determination. On account of the nature 
of the fishery, the officers of the Fishery Board for Scotland were 
unable to obtain any samples from similar shoals from Scottish 
waters, and Mr. Brown, of Lerwick, for the same reason, was not 
able to send a sample from the west of the Shetlands in 1921. As 
herrings were sighted in June of this year, a trial was made in the 
waters to the west of the Shetlands, and owing to the keen interest 
which Mr. Brown has in these investigations it is possible to give 
some data regarding the herrings from these grounds. 

As in previous years the sampling of the shoals has been 
made possible by the help of friends in various fishing ports, and 
the opportunity is here taken of expressing my thanks to those 
who have helped, not only by forwarding samples but by supply- 
ing a great deal of information about the fisheries from the various 
ports. Mr. Beazor, of Yarmouth, has given samples for examina- 
tion; the Fishery Board for Scotland have, through their officers, 
forwarded samples and given information whenever requested 
to do so; to the Department of Agriculture and Technical 
Instruction for Ireland, Fisheries Branch, T am indebted for 
samples of Irish herrings ; the officials of the Ministry of Agri- 
culture and Fisheries at North Shields have shown their usual 
kindness and consideration. 

The amount of help received from Mrs. Cowan has been con- 
siderable, and it is difficult to express fully my indebtedness ; 
without this help the number of samples could not have been 
examined. 

A list of the samples is given below. For each fish the length, 
sex, development of gonads and the age have been recorded, and 
the yearly growth, obtained by expressing the length of the fish 
in terms of the scale, has been calculated. 
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AGE AND Maturity, Tasues I. anp II.—In determining - 
age the last winter ring was taken as being inside the edge of the 
scale for all samples of 1921, and after 31st December the edge 
of the scale and last winter were taken as coinciding until new 
growth appeared. 

The season commenced at North Shields as usual at the 
beginning of May with catches consisting chiefly of recovering 
spents from spring spawning shoals. The catches differed 
little from those generally made at this time, but were lower 
than in previous years, averaging for the first two weeks of 
the months between four and five crans per vessel. As the 
month advanced the catches became lower, and a gradual decrease 
continued until the second week in June when vessels averaged 
less than a cran per voyage. The samples at the herring ring 
showed quite clearly that the usual movement to the grounds 
off the Northumberland coast of young immature herrings, the 
beginning of the summer feeding shoals of developing herrings, 
had not taken place in the latter part of May. Small numbers 
of summer fish were seen, but these were not in sufficient quantities 
to influence the size of the catches, and were not greater than 
have been observed in some years, e.g., 1914, in catches made 
100 miles from the port towards the end of April and in early 
May. On the 15th and 16th of June catches averaged about 
three crans, but dropped the following day, and it was not until 
25th June that an average of little over six crans, the highest 
for the month, was obtained. Although the 25th of June showed 
a decided improvement in the fishery, the fish being more uniform 
in size and quality, and the samples for sale containing more fish 
with three winter rings than had been noticed previously, there 
were present comparatively large numbers of older fish which 
were recovering spents from spring spawning shoals. During 
the remainder of the month and early part of July, the catches 
varied from day to day from an average as low as a eran and a 
half to about seven crans. The number of fish with three winter 
rings became more numerous, and in the week ending 16th July 
they comprised the greater part of the samples. In this week 
the fishery was better than at any previous week of the season, 
and the 14th, with an average of only 12°4 crans per vessel, gave 
the highest average daily landing from the Northumberland shoals 
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for the season. The latter part of July was marked by an irregular 
fishery of small catches. In the first days of August the catches 
improved a little, and about 3 per cent. of the vessels landed 20 
crans or over of good quality herrings, the majority of which were 
at stages IV. and V. of maturity. But these fish did not remain 
on the grounds, and the middle of the month was marked by 
small and irregular landings. <A slight improvement took place 
towards the end of the month, but in the beginning of September 
the fishery was so poor that some of the vessels fishing from North 
Shields had begun to fish the grounds off Whitby and Scarborough. 

The scarcity of herrings is well shown by a consideration of 
the daily average catches. 


CRANS. 

Week ending Mon. Tues, Wed. Thurs. Fri. Sat. 
16th July +é ado 4-9 C2 8-1 12:4 4-6 3:0 
23rd July aoe sae 1-4 2:0 ils 1:6 2-4. 2: 
30th July ses ss 6:8 5-2 5-4 2-1 1-6 = 
6th August ia ies 12°3 5:9 57 2-6 18 -— 
13th August wa ait 4-4 8-2 6-6 3-3 ATE 2:8 
20th August ae 20 or 1:8 273 Bil 


The figures above show the catches made during some of the 
best weeks of the fishery. They emphasise the scarcity of the 
herrings, and indicate the presence of small shoals which were 
unable to yield even moderate supplies for more than one or two 
days in each week. For the weeks ending 30th July and 6th 
August it would appear that after the first night’s fishing the 
bulk of the herrings on the grounds had been caught or the others 
been scattered so much that a fleet of about 100 vessels was unable 
to find them in any numbers. 

No catch of spawning herrings from local grounds was seen 
during the season, but some were landed in the beginning of 
September from the grounds off Whitby. The evidence of 
spawning from ‘ spawny ”’ haddocks was small, as owing to the 
price ruling at the time there was no great incentive for trawler 
fishermen to search for them. Some “ spawny ” haddocks were 
caught about 7 miles north-east of the Longstone towards the 
end of August, and on Ist October landings were made from 50 
miles north-east of the Tyne. 

The samples from Lerwick, Wick and Peterhead in 1921 
show, if allowance be made for the fish being a year older, that 


the age composition of the older fish was much the same as in the 
two previous years the shoals have been sampled. Herrings 
with seven and eight winter rings were fairly abundant, those 
with six winter rings were poor in numbers, and the fish with 
five winter rings, which gave the fairly good summer fishing of 
1919, formed an important part of the catches. The Wick sample 
of 23rd August came from a spawning shoal, but contained a small 
number of young fish at stages I]. to IV. It illustrates the import- 
ance of young fish with three winter rings and the extent to which 
they may influence the catches made even from spawning shoals. 
The sample from Lerwick, 2nd July, consisted for the most part 
of fish at stages II. and III., and can be considered as coming from 
a shoal which had recovered from a spring spawning. 

Owing to the interest which Mr. Beazor takes in these investiga- 
tions, it is possible to give some interesting data relating to the 
Yarmouth fishery. Mr. Beazor forwards samples, without charge, 
when he considers an examination may yield information which 
will jead to further knowledge. 

The first sample came from the midsummer fishery on 7th 
June. This fishery was very poor, and the catches made from 
it were to some extent determined by the shortage of coal. But 
even when the vessels reached the fishing grounds the herrings 
were not caught in sufficient quantities to indicate that large 
shoals were present. It is doubtful, therefore, if the sample can 
be taken as giving a true representation of this fishery in a good 
season. It is interesting when compared with the sample caught 
9th March * of the same year. The June sample contained more 
fish with four and five winter rings, and fewer fish with seven and 
eight winter rings. The March sample consisted of spents and 
recovering spents, and the fish of the June sample were further 
recovered, and at stage II. with more fat in the body cavity. 
Recovering spents from spring spawners were caught in Yarmouth 
waters in March, and as late as early June. The age composition 
of these two samples and the development were as follows :— 


WINTER RINGS (Percentages). 


Date. 33 4 5 6 7 8 9 10 
9th March on os 1 3 27 15 17 24 11 2 
7th June eet aA6 5 30 34. 8 11 9 2 1 








* Report, New Series X.; pp. 90 and 91. 


1s 


MATURITY. 


Date. lls Wi, WM JAW Wie Vil ville Vallee Rotate 
9th March soe 2 1 — — — — 126 42 il7Ail 
7th June ie 1 127 — — — — — — 128 


An inspection of some herrings when at Yarmouth, Ist July 
of this year, proved the fish to be similar to those of the June 
sample of 1921. 

The autumn fishery at Yarmouth was late, and it was not 
until the third week of October that herrings were caught in any 
great quantity. In this week a great wave of fish invaded the 
East Anglian grounds, and are represented by the sample of 20th 
October. The sample was peculiar in that it contained over 50 
per cent. of fish with three winter rings, and came from a spawning 
shoal, 123 out of 134 herrings being at stage VI.; only five fish 
were at stage IV. or lower. In trade descriptions the herrings 
caught at this time were said to be poor in quality and small fish. 
In the following week another sample was received from fish 
caught 27th October, and Mr. Beazor described them as being the 
best landed up to that time, though far from the usual good 
quality. The sample showed a decrease in the number of young 
fish of three winter rings, and additions to the shoals of the older 
herrings, especially those with five winter rings. These were 
not spawning fish and the gonads were developed as far as stages 
ITI. and IV. only. 

The poor quality of the herrings was a marked feature of the 
fishery, and towards the end of November this showed some 
improvement. The sample of 29th November shows how this 
improvement in quality coincided with the presence of more of 
the older fish on the grounds. Most of the herrings had five, six, 
seven and eight winter rings, and the gonads were at stages LV. 
and V. Fish at the same stages of development were contained 
in the sample of 15th December, practically the end of the season, 
but this sample showed the presence of greater numbers of herrings 
with seven and eight winter rings than obtained in the November 
sample. 

The quality of the Yarmouth herrings improved with the 
movement of older herrings to the fishing grounds, but the herrings 
were never at any time of the season equal in quality to the fish 
expected from the fishery, and have been described as being of 
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a very watery nature and shrinking to simply skin and bone in 
the salt. 

Spring spawning shoals about the Shetlands, north coast of 
Sutherlandshire (landed at Wick) and the Firth of Forth had much 
the same composition as in the previous year. The samples from 
the north coast of Sutherlandshire are particularly interesting 
as they show a comparatively high number of fish with four winter 
rings. An indication of this was shown in the sample of 26th 
February, 1921, from the same grounds but landed at Peterhead. 
At the time it was thought that the number of fish with three 
winter rings, equal to 17°5 per cent., might have been due to 
accidental sampling, as only one sample was examined from the 
fishery in 1921. It was to check the work of 1921 that three 
samples were examined this year. The third sample from Wick 
was caught off the Butt of Lewis. It consisted of spawning and 
spent fish, and its age composition was higher than the samples 
from the north coast of Sutherlandshire. 

The Lerwick sample of 4th March contained more of the 
older fish, and it is difficult to say if 19 per cent. with four winter 
rings in 1922 and 10 per cent. with three winter rings in 1921 * 
can be considered as large numbers from shoals in Shetland waters. 
A consideration of the samples examined in 1920 + points to these 
percentages being high, but the number of shoals about the Shet- 
lands needs more investigation before a definite statement can 
be made. 

The high percentage of fish with four winter rings in the 
Firth of Forth sample of this year points to the same shoal return- 
ing to the same grounds as last season, when the herrings examined 
gave 65 per cent. of fish with three winter rings. In both seasons 
there were small numbers of larger and older fish which probably 
represent what was left of the shoal which was sampled from the 
Forth, 22nd January, 1920.{ Fishermen have informed me that 
few of the larger herrings were caught during the past spring 
fishery, and Mr. Walker, of Newhaven, was unable to obtain a 
sample of any herrings different trom those examined. 

The samples from Girvan in February and March, and that 
from Lerwick from the west coast of the Shetlands, 7th June, 
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are of interest. For some years the fisheries represented by these 
samples have been very poor. The fish from Maidens Bay, 9th 
February, were full fish, practically all of them sufficiently 
developed to spawn in spring. Those from Ballantrae Bank, 
2nd March, were chiefly spawning fish. The sample from the 
west of the Shetlands, 7th June, consisted of spents. The age 
composition of these three samples differs altogether from that 
of any other sample examined in that by far the greater number 
of the herrings had five winter rings on the scales. Over 80 per 
cent. from the Clyde and 52 per cent. from the Shetland shoals 
were of this age. 

The samples from Irish shoals came from the Irish Sea, the 
north-west coast and from Galway Bay. The Irish Sea sample 
from Ardglass, 28th June, consisted chiefly of young fish, the 
majority of them having three winter rings on the scales. In 
this respect and also as regards development it is very like samples 
from the North Sea at the same time of year, but it is marked 
by a high percentage, 34, of fish with two winter rings. The 
sample of 6th August from the same port consisted chiefly of 
herrings at stages III. and IV., and whilst fish with three winter 
rings formed the chief part of the sample there were fewer younger 
herrings and more of the older fish than in the June sample. 
Spawning shoals are represented by the samples from Kilkeel 
and Howth, 22nd October and 9th September respectively. The 
Kilkeel sample when forwarded for examination was described 
as consisting of “the usual inshore herrings caught at this time 
of the year.” It contained 94 fish with two winter rings out of 
a total of 219, and, of these 87 were spawning, 2 were spents 
and 5 were at stage [V. Such a high number of young spawning 
fish has not been found in any of the samples examined, and further 
data are required before the sample can be considered to represent 
the general age of first maturity for Irish Sea herrings. The 
Howth sample contained 30 fish with two winter rings in a total 
of 192, but of these 14 only were autumn spawners ;_ the remainder, 
16, of this year class were at stages I. to II. 

From the spring spawning shoals of the north-west coast 
two samples were examined in January and March. In age they 
are like the samples of last year, and show the addition of young 
fish with four winter rings to the shoals. The January sample 
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consisted chiefly of full fish, and that of March of spawning fish 
and spents. In the January sample there were five herrings 
between stages II. and III., and since their age varied from six 
to eleven years they were probably recovered spents from autumn 
spawning shoals. 

The June sample from Downings is the first from the north- 
west coast examined at this time of the year. Whilst fish of all 
ages were represented the predominant year-class was that with 
three winter rings. Mr. Farran classified the gonads as follows :— 


Recovering spents ... ae SOF coo el 
Spents, recovery not so great as above ... 13 
Immature Bue oe he EE HAE eel 
Quarter mature — matties ... sie Bes trgear| lt: 


Of the 26 immature and mattie herrings, 21 were fish with 
three winter rings, two had two winter rings, and three had four 
winter rings. 

The sample from Galway Bay in December consisted of spent 
fish, and the chief year-class was that with three winter rings. 


The summer fishery was a failure. At North Shields there 
was a scarcity of fish with three winter rings on the scales, and 
the number of recovering spents from spring spawning shoals 
formed an abnormally high portion of the catches until the middle 
of July. 

As in 1920 many reasons were given for the failure of the 
summer fishery at North Shields and other ports. In 1920 the 
presence of ** jelly fish was supposed by fishermen to have much 
to do with the poor fishery. In 1921 sharks and dogfish were 
held to have destroyed the herrings. The reason for the failure 
was that the herrings were not present off the coast, and since 
it has been shown in previous reports that the summer fishery 
contains from 50 to 70 per cent. of fish with three winter rings 
on the scales, the scarcity of herrings was due to the year-class 
1918—fish hatched in the autumn of 1917 and the spring of 1918 
—being very poor in numbers in the summer shoals. 

Hydrographic conditions have been held to account for the 
failure of the fishery by causing the herrings to swim at depths 
not reached by the drift nets. The summer fishery was a general 


and not a local failure, and from no waters have we records of 
shoals of mattie herrings being abundant, and some interesting 
information on this point has been forwarded to me by Mr. Moore, 
of Buncrana. When the fishermen of the north-west of Ireland 
are lying at the nets, it is their custom, as in other parts, to fish 
with lines for cod and coalfish. Mr. Moore examined these fish, 
and wrote me as follows :—‘‘ In past seasons these fish would 
have anything up to a score of herrings in their bellies from ones 
newly swallowed to others half digested. This season I did not 
see a dozen herrings in the bulk of 1,000 fish gutted by my men, 
and noticed that the fish in general, and especially the coalfish, 
were very badly matured, very small in size, and more the appear- 
ance of spent or slinky fish,” Had the herrings been present, 
but at a greater depth than the nets, it is reasonable to suppose 
that the cod and coalfish would have captured them as in other 
years. 

Good fisheries are determined chiefly by the presence of good 
year-classes, and these are hatched three years before they enter 
the shoals in sufficient numbers to influence the fishery. Hydro- 
graphic conditions may, and possibly do, influence migrations 
and the quality of the fish caught. The summer fishery last 
year was not poor, it was a failure, and from no waters have we 
records of large catches. Dutch luggers fishing in waters much 
further from the shore than do our vessels made very poor catches, 
The only area known which could be cited as giving a compara- 
tively good fishery, whilst the neighbouring fisheries were poor, 
is the Firth of Clyde, and the age composition of these fish will 
be seen from Table I. to be altogether different from that of other 
shoals. 

The age composition of the samples of spring spawning 
herring in February and March of 1921* showed that a number 
of young herrings at the end of their third year had joined the 
shoals. The joining of spawning shoals by fish so young is not 
unusual, but the numbers which did so appear to be greater than 
one would expect, especially for the waters of the Firth of Forth, 
Broad Bay and the north coast of Sutherlandshire. As the 
greater part of our summer feeding shoals of developing herring 
consists of fish in their fourth year the entering into spawning 
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shoals in the spring of the same year would doubtless tend to 
decrease the catches from summer feeding shoals. But the catches 
made from spring spawning shoals in’ 1921 and 1922 give no reason 
for concluding that these shoals have received enormous additions 
from a younger year-class, and they tend to emphasise the conclu- 
sion already expressed that the failure of the fishery was due chiefly 
to the year-class of 1918 being poor. Whilst this is considered the 
chief reason for the failure of the fishery, there is no doubt it was 
accentuated by the number of young fish joining the spring spawn- 
ing shoals of 1921. 

The season of 1921 was very much the same as, but worse 
than, the season of 1920. The catches from spring spawning 
shoals and their age composition, together with the catches from 
summer shoals, indicate that the year-classes which would make 
the summer fisheries of 1920 and 1921 can be considered of little 
value to the fishery. The poor fishery from other shoals, as those 
off Yarmouth in October and November was doubtless due in part 
to the poor year-classes of 1917 and 1918 not yielding sufficient 
immigrants into the shoals, but the age composition of the older 
herrings deserves consideration. Amongst the older fish the 
year-class of 1916, fish with five winter rings in 1921 and which 
gave the summer fishery in 1919, can be said to be a fairly good 
but not a rich year-class. The year-class of 1915 has been poorly 
represented in every sample of herrings examined. Fish with 
seven and eight winter rings in 1921, six and seven winter rings 
in 1920, five and six winter rings in 1919, and belonging to the. 
year-classes 1913 and 1914 have always been present in the samples 
in higher numbers than the 1915 year-class. But these fish must 
naturally be decreasing in numbers and be unable of themselves 
to yield a productive fishery. Before there can be any consider- 
able improvement in our herring fishery a good year-class is a 
necessity, and the first appearance of it will be shown by increased 
catches from summer feeding shoals. 

The possibility of North Sea herrings entering the Baltic 
with increased activity of Atlantic waters is worthy of considera- 
tion, but no data are available in this connexion. Abnormally 
high catches from the Baltic and waters leading to it would have 
to be made to account for the shortage of herrings in our fisheries 
were the failure due to migrations only. 
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The quality of the fish throughout the season from a curing 
consideration was remarkably poor, the herrings shrunk so much 
that few or no “ Yarmouth Reds” were cured last year. The 
question of quality is one deserving of further work. The term 
“quality” in the herring trade has various meanings. It may refer 
to size, development of gonads, which determine to a large extent 
the bulk or weight of the fish, or it may refer to shrinkage of fish 
after curing by salt. The latter is influenced probably by the 
hydrographic conditions and food supplies of the year of capture. 

There was great difference between the herrings from the 
Clyde area and those from Yarmouth waters. Numbers of these 
fish were seen in the curing houses at North Shields, and there 
was considerable difference between them. In the early part 
of the Yarmouth fishery the Clyde herrings were older than the 
Yarmouth fish, most of the former having four winter rings, but 
this difference of age cannot be said to have marked the two 
fisheries later in the season when older fish came from Yarmouth. 
In appearance the Clyde herrings were better fed fish than those 
from Yarmouth; they were plumper and broader across the 
back, and when smoked gave a kipper thicker in the flesh. It 
was found to be possible, when in the curing houses, to pick out 
the barrels of herrings according to their origin, and also in many 
cases to identify the kippers on the racks when they came out of 
the smoking houses. 

Growti.—Particulars relating to growth will be found in 
Table If. Whilst for all samples the growth has been calculated 
by expressing the positions of the winter rings of the scale in terms 
of the length of the fish, only the data relating to shoals not pre- 
viously sampled are given. As in previous years the lengths 
are expressed to the nearest centimetre, 8-6 to 9-5 cm_ being 
counted as 9 cm. 

The Yarmouth samples of 7th June and 20th October are 
of interest in that the June sample came from a shoal of recovered 
spents from a spring spawning, and the Cctober sample came 
from a shoal of autumn spawners, the majority of which were 
young fish at the end of their fourth year. The herrings with 
three and four winter rings in the October sample show a much 
slower growth than fish of the same age in the June sample. ‘This 
difference is thought to be too great to be accounted for by the 
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more rapidly grown herrings joining spawning shoals at an earlier 
age than those of slower growth, and is taken as indicating that 
the fish of these ages have spent their early years on different 
feeding grounds. The small number of older fish in the October 
sample makes it impossible to offer any definite statement with 
regard to them, but they approach the growth of the older fish 
in the June sample. 

In the Report for last year, page 87, data were given which 
pointed to the full fish of November returning to Yarmouth waters 
as spents in the spring fishery of the following year. The fish 
with five winter rings in the June sample of 1921 have a growth 
very like that of the fish of the same age in the March sample. 
This, together with the maturity data, point to the herrings staying 
some considerable time in Yarmouth waters when recovering from 
spawning. The growth data are as follows :— 


FIRST YEAR GROWTH. 


NUMBER AT CENTIMETRES. 


j Winter 6 mt 
Sample. ee 7 8 9, 40: 21) 42 13. fa aipeniagan 
VINGS, 
iAfAa20. 4 1 6 UF 28) 810m <5) 5 
TI oS Se Cy I Ge | 2 Se 
GUN ee cy 5 Bear ng Pe M5 Mah 3 Nees neem 
SHCOND YEAR GROWTH 
NUMBER AT CENTIMETRES. 
Sample. Winter 14 15. 46) 17 18519 20 21 Zameen 
Rings. 
We SON Whe: 4 9 9 14 15) 16. fee ae 
015) tees ay 5 2 41. 19 9 i i)” SO Siem 
CoN eaeke ee. 5 — 6-8 ie 7 sy 7 2 ees 
THIRD YEAR GROWTH. 
NUMEPER Al CENTIMETRES, 
Sample Winter 19 20 21 22 23 24 25 ‘Total, 
Rings. 
17/11/20 4 = 6» ar oh aise 
Gist ke” tee 5 L ==) AO 7) Glory apeetaee 
7/6/21 5 = "3 "67 0" een ees 
FOURTH YEAR GROWTH. 
NUMBER AT CENTIMETRES 
Winter 
Sample. 22 23 24 25 26 27 28 Total. 
unple Ringe, 3) el 5 26 7 8 Total 
Lala DINeee yz AN 2 Iie) 8.\027 282) ONE aetna 
ORT Be et 24g 10 peer 
NIB/2t aes fae, OB Sh 120 iG Rees 
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PIVTH YEAR GROWTH. 


NUMBER AT CENTIMETRES. 
Winter : 


Sample. Trines DA) 26) 2 elon eo LOtal. 
Gazi PS A EMG h tS Ti a Sera 
MiGia wire.) Eee tie & As Ad 06tane == blades 


The age composition and development of the Firth of Forth 
sample compared with that of 1921, when so many herrings at the 
end of their third year were found in the sample examined, makes 
a comparison of the growth data desirable, and for this purpose 
the growth of both the 1921 and 1922 sample will be found in 
Table III. For first year growth the majority of the three winter 
ringed herring of the 1921 sample fall under centimetres 9 to 12, 
and four winter ringed fish in the 1922 sample are found chiefly 
under centimetres 8 to 11. For second and third year growth 
the majority of the fish will be found to be as follows :— 


Sample. Centimcetres, 


Second Year Growth ... 1921 18 to 21 
1922 17 to 20 
Third Year Growth _... 1921 23 to 25 
L922 22 to 24 


Data have been given* which show that variation in growth 
accompanies variation in maturity, and in last year’s Report it 
was stated that the difference in growth between fish with three 
and four winter rings in the Firth of Forth samples was taken as 
supporting the hypothesis that herrings, previous to reaching 
maturity, shoal according to size. From the data given above 
it appears that of the 1918 year-class it was the herrings which had 
made a comparatively rapid growth which joined the spring 
spawning shoals of 1921, and that the fish which had not grown 
so rapidly did not join the spawning shoals until a year later. 

The growth made by the herrings of five winter rings in the 
sample of 1922 is much the same as that for fish with four winter 
Tings in the 1921 sample. It cannot be said that this year-class, 
1917, has given any noticeable additions in 1922 to the spring 
spawning shoals of the Forth. 

The Girvan samples are the first which have been examined 
from the Clyde fishery, which has been a failure for so many years. 
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The peculiar age composition of the samples, the chief year-class 
being that with five winter rings, 1917, makes them different from 
any of the other samples examined. Our knowledge of the shoals 
to the west of Scotland is very small, and for Scottish waters near 
the Clyde we have no data for the growth of the herring, at least 
none which can be compared with that calculated from the scales. 
The nearest shoals for which we have growth data are those about 
the north-west of Ireland, reported upon in the Report of last 
year, and those of the Irish Sea sampled in 1921. For the purpose 
of comparison the growth of five winter ringed herrings in the 
Girvan samples, that of fish of the same age from the north-west 
of Ireland in 1921 and 1922, together with the growth of four and 
five winter ringed fish in the samples from Ardglass and Howth 
in August and September are given here. The range given for the 
different year growths is that under which the majority of the fish 
will be found. 


rish Sea. 
Clyde. N.W. Ireland. iesiiees 


5 w.r. 4woer. 
Ist year growth ... wee 8—13 10—14 7—14 9—14 cm. 
Hive! a ads sie 16—21 19—24 16—21 16—21 cm. 
Syl 5, 5s Pa Wee 21—25 24—28 21—25 21—25 em. 
4th >, . ae Per 24-—28 27—30 24—27 24—27 cm. 
Fy ea A was wars 25—29 29—31 25—28 cm. 


It is clear that the herrings of the north-west of Ireland are 
different in growth from those of the Clyde. The Irish Sea herrings, 
which were from autumn spawning shoals, have in the first three 
years (up to first maturity probably) a growth very like those of 
the Clyde, but in the fourth and fifth years the Clyde fish tend 
to be a little larger. 

Amongst the younger herrings, fish with three and four winter 
rings, in the Girvan samples a few large fish occurred, and these 
were first noticed by the larger and more boldly marked scales 
when determining age. These herrings may have come from 
Atlantic waters, but their numbers were no greater than have 
been noticed in other shoals, and their presence can be accounted 
for by the scattering of shoals after spawning and the more remote 
fish joining other shoals. 

The growth data of the Irish Sea samples for herrings with 
two, three and four winter rings show peculiarities worthy of notice. 
Fish with two winter rings were alike in the Ardglass sample of 


June, and that from Kilkeel in October. Both these samples 
show a more rapid growth for fish of this age than the Howth 
sample of September, the growth data of which give no evidence 
of being influenced by the development of the fish. Sixteen out 
of the thirty fish with two winter rings in the Howth sample were 
immature fish in a spawning shoal, and the second year growth 
was as follows :— 


CENTIMETRES. 


16 17 18 19 20 21 Total 
Immature 2 22 4 3 4 1| 16 
Mature age 1 3 3 4 2 L 14 


There is agreement also between fish with three winter rings 
in the June sample from Ardglass and the Kilkeel sample for the 
size attained at the end of the third year, but it will be seen in 
Table III. that the second year growth of these fish differs, and that 
those in the Kilkeel sample were then smaller. 

The fish with three winter rings in the Ardglass August sample 
were larger fish, and had a more rapid growth in all years than 
the fish of the same age from the same port in June or from Kilkeel 
in October. This difference between the herrings of June and 
August is very like what has been found in the North Sea, and 
points to waves of immigrants coming into the Ardglass fishery 
during the season. 

Herrings with four winter rings in the Kilkeel sample had 
a small size and a slow growth when compared with fish of the 
same age in the Ardglass August sample and the sample from 
Howth. This difference in growth and the small number, eight, 
of fish with more than four winter rings in the Kilkeel sample 
point to the Kilkeel shoals developing and spawning on grounds 
which receive no additions from the spawning shoals of older 
herrings. 

Attention has been drawn already to the growth of the older 
fish. 

Growth data for the June sample from Downings and the 
December sample from Galway Bay will be found in Table III., 
as these are the first samples examined from these fisheries. For 
the same reason growth data are given for the Lerwick sample 
from 15 miles N.W. of Ramna Stacks, June, 1922. The Downings 
and Galway Bay samples both have a smaller growth than that 
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of the samples of spring spawning herrings from the north-west 
coast of Ireland. The June sample from the Shetlands which, 
consisted chiefly of spent fish, is remarkable in that few of the 
herrings show on the scales any signs of growth for the year of 
capture. The data with regard to this growth are summarised as 


follows :— 
Winter Rings. 2 3 4 5 6 Zand + ‘Total. 
Number examined 2 IL 31 101 18 29 192 
Growth begun in 2 11 16 12 i — 42 
Average 1922 growth 1:8 0-8 O-4 0:3 0-3 cm. 


When in Berwick in the summer of 1921 I was informed that 
large quantities of herring spawn had been found in crab pots 
by fishermen fishing from that port in the spring of the year. To 
ascertain the extent of the spawning ground a query was addressed 
to the Fishery Board for Scotland, and the Board’s officer at 
Berwick reported that no evidence of a spawning had been found 
from St. Abb’s Head to Berwick, but that towards the latter end 
of March herring spawn had been found from three to four miles 
east by south from Berwick. The spawning was unusual in 
position and quantity, but shoals of herrings off the Berwickshire 
coast during the past winter had been greater than had been the 
case in former years. 

To obtain further evidence of this new spawning ground Mr. 
James Anderson, of Burnmouth, Mr. Cowe, of Berwick, and Mr. 
Douglas, of Beadnell, were requested to make observations in the 
spring of 1922, and, if possible, to send samples of the spawn to 
Cullercoats. Herring eggs were obtained and sent to Cullercoats 
by Mr. Anderson and Mr. Cowe, and they came from 12 to 15 
fathoms, 2 to 3 miles north from Emmanuel Head, Holy Island, 
27th February and Ist March. Mr. Douglas who was fishing on 
grounds south of the Farne Islands found no traces of a spawning. 
The eggs covered the crab pots and the backs of the crabs caught. 
They were attached to pieces of old rope, shells of living Buccinum, 
Flustra and seaweeds. Where the spawn was thickest no crabs 
were caught. Whiting and cod were caught gorged with herring 
eggs. 


TABLE I.—AGE. 


WINTER RINGS. (PERCENTAGES) 





















































Port and Date. 2 3 4 5 6 7 8 9 10 
1921. 
Lerwick— 
2nd July Agel] == |i Tal easy Pa Sia | alee || TICs ce || 2 
24th August ...| — | 12} 16 | 23 9 | 20 | 10 a 2 
Wick-— | 
23rd August ...| 6 | 55] 19 9 2 5 2 i) 1 
Peterhead— 
27th August ...| 0-5 | 18 | 15 | 23 Sule 9 6 3 
Gt. Yarmouth— 
7th June — 5 | 30 | 34 yj) aha 9 2 1 
20th October ...| 7 | 55} 19 5 2 5 5 2 — 
27th October ...| 2 | 40 | 22 | 20 5 i 3 | 0-5 0-5 
29th November | — CG) Gy) BATE |) aie) ¢ 6 | 
15th December | — 2 ROO 2AS 1G: 24s |) 10 em | a 4 
Ardglass— 
28th June aoe|| exh |) eee 6 6 2 2 1 — 0-5 
6th August ...| 6 | 33 | 26 | 21 9 3 1 — — 
Kilkeel— 
22nd October 43; 44 | 10 2) + 1) + — — 
Howth— 
9th September *16 6; 19 | 35 91 10 3 — 0-5 
Galway— 
13th December *16 | ct onl 1 2 2/05) — — 
Downings— 
Sth June cod] A Wesee halay |e al(s) 8 | 16 7 2 1 
1922. 
Lerwick— lex 
CONES CH rece 2 | LON I NG TI SON) E10 1 
7th June Pe Gri 16M Soe Ol Seo 2 
Wick ia at 
8th February -- 1 | 40} 19 | 15 AS le Uf 1 
Lith February | — | 1/53/17/121) 5/10] 3 ae 
18th March ...| — | — | 27 | 14 | 16] 10] 24 | 3 2 
Firth of Forth— | 
9th February Al 4 | 69 9 4 2 4 | 4 2 
Girvan— 
9th February | — {ya AN ees 5 | — 1); — — 
pecuWarcho es.) "| 1 | 7 | 87) 5) 4°) | — | — 
~Bunerana— | | 
24th January | — | 21] 20} 23] 25 8 6 5 2 
4th March .... — | 11 | 30 | 21 | 16]. 6 | 12 3 1 + 
| | j 





























* Two per cent. with one winter ring, 








TABLE 11.—MATURITY. 









































| | | 
Port and Date I, EY EE ee, Vee VAT a) SV An an VATS Ee | Total 
| | | | | 
—_ = a 
1921. | 
Lerwick — | | | | 
mal Iv? ces Seat aby ST es 19 | — — — —_ 198 
24th August wel ooo LA cas — -— 51 142 1 195 
Wick— | | 
23rd August ae 1 Oe eae! 22 Ae NG |) at) 1 209 
Peterhead— 
27th August ae | | lp le esi — 202 
Great Yarmouth | | 
(th June! ... sine 1 127 —- — — — — —_ 128 
20th October = _ 2, 3 2 123 4 | — 134 
27th October Be ae Ay oat an tasOE gul eee? 5 3 1 — 186 
29th November ...| — =) eal 78 48 —- | — 9 142 
15th December...) — 2 4 80 43 a= | s= 6 135 
Ardglass— 
28th June ... acy) 71 2 12 | 210 
6th August oq 2 25 133 48 — —— —— 208 
Kilkeel— 
22nd October spa! == = == | al —— je20den | mo = 219 
Howth— | 
9th September... 7 3 LOPS | eas 1 168 — — 192 
Galway— | 
13th December...) 11 1 ty} — 10 — | 185 | — 208 
Downings— | 
ipahOu ed, | code ll cee | SE ee a 91 130 
1922. | | 
Lerwick— | | | 
4th March ... seal) al |) Pex — | — (|) Wes. te oo 168 
wip Tune ce ~ pent Gy] Dl = | = > LO Srete0 17 194 
Wick— | | 
8th February wel | 1 | SY eo A) 36 | — — 162 
17th February | — —- | — 1) ae} 183 11 —- 207 
18th March... wel — | — | 5 116 51 4 176 
Firth of Forth— | 
9th February eae 3 o/ — 54 | 1138 58 68 —_ ae || 298 
Girvan— | | 
9th February eaateeetS ==, | 2 | WO |) Bal 1094) —= — | 244 
2nd March ... 501 | | [726 yee Ae ze uel 247 
Buncrana— | | 
24th January =| = 15 to) 27) asl) = — - 2 186 
4th March ... «al — Nii ail 104 | 59 — ee 
| 











* 13 immature, 13 spents, 91 recovering spents, 13 matties. 
+ Between stages IT. and LI. 
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TABLE IlI.—GROWTH. 


YARMOUTH SAMPLES —FIRST YEAR GROWTH. 






































































































































CENTIMETRES. 
NNeseens ail | i 
Date, |) Wanter | 7 8 SF Ok eit tos Waa ae eee 
| Rings. | | 
7/6/21 ... 3 a => 1 4 1 1 7 
20/10/21 3 |e 7 13 15 16 12 7 3 = 73 
7/6/21 ... 4 = 1 1 6 6 10 6 6 2 1 39 
20/10/21 4 = 3 2 3 7 6 4 1 = = 26 
RA a St) aes | 3 10 6 5 con | ae 9 1 — 43 
20/10/21 BoP dl | e2 | 8 zee id | aaa] = — — 6 
7/6/21 ... Ce a 2 1 | — 2 1 = 10 
20/10/21 6 and + 2 5 6 Puasa | — 20 
7/6/21 ...'7 and +) 1 5 6 MN RES te 2 1 Fe | 
SECOND YEAR GROWTH. 
CENTIMETRES, 
| = ; [ : : 
Mintos Wee | ay LO 16H | 7 | 18) | to Spiel. gas eolalenota] 
| Rings. | 
| | } 
7/6/21 ...| 3 — — = || = — 1 1 3 2 7 
20/10/21 | 3 = == — 7 | ee | 2a Se eee = 73 
7/6/21 ...| + me pl 2 2 Bole 14 5 1 39 
20/10/21 4 1 — 2 4 6 3 6 4 — | — 26 
m/6/21 :.. 5 — 6 8 a ly te 7 5 1 43 
20/10/21 | 5 — } 1 2 PAN | il RE eet 1 ee 6 
7/6/21 ...| 6 _ 1 2 alo, 1 1 i 10 
20/10/21|Gand +] 2 2 2 5 4 3 2) — = = 20 
7/6/21...) 7and +] 1 2 AS eS eee 6 4 ee oe 29 
THIRD YEAR GROWTH. 
CENTIMETRES, 
| j ar | | 
Date. Ree 19 220M oT St oor ll oom heray | 25 | 26 | Total. 
| | 
mio/2i Ses Noses fee a ee tee 22 | 32 A ape 
20/10/21 ... 3 a = 5 31 25 (yeas 9S} = 73 
7/6/21 4 = | = — 3 5 TL |) aly ad ae — 39 
20/10/21 ... 4 == |) = 2 5 8 oo rere yan | eee — | 26 
7/6/21 5 = — 3 6 10 16 6 2 = 43 
2O/MO/21 ... 5 = = re 1 1 1 = os 6 
7/6/21 6 == dr 1 1 3 4 de eee — 10 
20/10/21...)6and+| 2 | _ 4 5 f LON ee eee NY) bey, 
mie/21 ...| Zand +-| — 3 Z| 9 4 8 2 1 — 29 




















TABLE Iil. (Continued). 


YARMOUTH SAMPLES.—FOURTH YEAR GROWTH. 













































































CENTIMETRES. 

o | 

Winter 
Date. aes m1 No) | oBe) 280i) 25a 2 On | emai Total. 
pe nl ie Pee ae gee | 

| 
7/6/21... 4 = a= = 2 16 13 al 39 
29/10/21 fa\) eae 1 1 | 13 7 4 | |) Slee 
Ti Gyles wes 5 — — 2 14 20 6 — 1 43 
20/10/21 5 | — 1 ee ae eae | 6 
FG Zila 6 — — 1 4 2 Py 10 
90/10/21; 6and +| 2 2 3 9 4 = pee ee 20) 
7/6/21 ...|7and +| — 2 4 1 8 3 1 == 29 
FIFTH YEAR GROWTH. 
CENTIMETRES. 

Winter | e, iS 

Dates | rate 22 23 | 24 25 26 27 28 29 | Total. 
a ee Tae 

7/6/21 ... 5 easy ill we _ 4 26 12 = 1 43 
20/10/21 5 = i = 4 1 = = 6 
7/6/21 ... San ieee NN 2 4 4 \ = We a 
20/10/21 | 6 and + 2 — 3 10 5 _ — — | 20 
FASPAN coal eval sel) — | 3 9 12 4 il _— 29 
































TABLE III. (Continued). 


FIRTH OF FORTH SAMPLES.—FIRST YEAR GROWTH. 








































































































CENTIMETE2ES. 
Tv! ee a 6 7 s QW toy Wate |) desl 1s. | a4) A4potare 
Rings | 
10/2/21 3 1 1 1 14 20 42 38 22 7 2 | 148 
9/2/22 ... 4 = 2 10 41 48 53 37 11 3 205 
10/2/21 A Wee 5 2 4 4 s 4 2 _ = 32 
9/2/22 5 2 2 3 6 6 4 1 3 _ = 27 
10/2/21 5 1 — 1 1 1 2 2 2 1 1 12 
9/2/22...) Gand + 1 2 2 4 16 9 13 4 1 — | 82 
10/2/21 |6and+| — 2 1 1 9 7 9 3 3 2 37 
SECOND YEAR GROWTH 
CENTIMETRES. 
a wi) | q | ae pala | ie | 
Date, | Wimter| io 143] 14 151 16 | 17/18 | 19 | 20 | 21 | 22 | 23 | 24 | Total. 
Rings. | | -| | 
| | | 
10/2/21 3 ee |e ee SS |) BY S| S|] Re |) ae |e 
9/2/22 ... A | = |} Stl | NG) BS | BE! So) ae | SG} — | | — |) oF 
10/2/21 4 (=| 2) sh—] s)/—) ola} 8) vh—)}—l—! 33 
9/2/22 ... 5 |) GAS ee 6 Bi Lol Bll ny}, ay} a By 
10/2/21 5 |—|— | 2) =F 2] 2) 2! 3) e/—)/—)—)] ww 
ieee Oanderie=—-—— |) 1) 1) = 3.) 48) 8 ea) 15) 4 a) be 
40/2/22 |6and-++) —|— |—j}| 2/—] 1] 3] 8| 10/10) 3|)/—|— | 37 
| 
 _ See | | ee, 
THIRD YEAR GROWTH. 
CENTIMETRES. 
| Winter | | 
Date. . 19 20) 21 22 2B} |) Ee Ih ars) 26 27 ~| Total. 
Rings | | 
—_ i= | —e — 
| | | 
10/2/21 3 == ||) — = 12 30 5d. 36 We ee aig 
9/2/22 ...| 4 os 1 9 37 77 64 16 a 1 | 205 
10/2/21 4 1 3 6 9 8 4 == ep eS 32 
9/2/22 ... 5 1 7 5 3 4 Bee eee ic ee lP earS 
10/2/21 |) 1 2 a ee 3 5 — — 12 
9/2/22...) 6and +) 1 -— 4 ce | 2o) 14 5 1 — 52 
10/2/21 |6and +) — 1 == 1 6 17 id |) al = 37 
| 


























* 1 under 29 cm. 


TABLE III. (Continued). 


FIRTH OF FORTH SAMPLES.—FOURTH YEAR GROWTH. 







































































CENTIMETRES. 
Dyiiee | Mees Rie 24 | 25 | 296 | 27 | 298 | 29 | $0 | Total. 
| Rings. | 
| | 
| 
10/2/21 | 4 2 | alt ial eS) — 1 — — 32 
9/2/22 ... a | 50 99 | 40 3 il Se = | NE 
10/2/21 5 = 2 iy NS a ee ee 1 
9/2/22 5 1 8 7 ao lees |e = 1 27 
10/2/21 | 6and -- ea) Oval 156 9 | 2) =) See 
9/2/22 |6and-+| — | 6 25 | 14 40) So 52 
| | | 
FIFTH YEAR GROWTH. 
CENTIMETRES, 
Date. Winter} o4 | 95 | 96°| 27-| 98 |~20 |@-30 | Siuhwtonan 
Rings. 
| | 
10/2/21 5 as 2 2 Mer: Be eae ae 12 
0/2/22 5 3 8 10 2 2 = 1 27 
10/2/21 ...|6and +] — 1 8 16 10 2 37 
9/2/22 ...)6and+| 1 6 18 20) 7 = 52 
| 
| 























FIRTH OF CLYDE SAMPLES.—FIRST YEAR 


ist) 
Cu 


TABLE IIT. (Continued). 


CENTIMETRES. 


GROWTH. 



















































































































1 | | | | 
Winter | 
ate ” | oS) § 4° | Tot: 
Date. Race | | 6 7 Salle? 10 11 12 |) 4183 | 14> |. Total. 
| zAl | 1 Va E Ee _— 
| eee he =| 
9/2/22... Spe” a 1 sn Nestal ge llee satan meh |e lea 
3/3/22 ... 3 | ;— | = hia = PM ces ets 
9/2/22 ... al al eee Nee a | 4 Gl SOGa te Gr efit «| 29 
2/3/22 ... CNM eae | hee area | eed Ma ae an ae SMelinnerSes ft eatin 
9/2/22... 5 | — | 10 Ai | Bp A a 45S 2 8 3 | 189: 
2/3/22 ... 5 a= | a = 18 29 530 | 5S: Wedd (15 2 | 215 
9/2/22 ... 6} — | — | — 2 2 2 owe 2a kW 
9/3/22...) 6 and 7 1 BN me |) eee 12 
SECOND YEAR GROWTH. 
CENTIMETRES. 
Winter | 
Date. Sais 15 14 15 16 17 18 19) 208 | 21) 122) |esnlatotal: 
Rings. } | 
, ———) —: A ek —. 
! | 
| | | | | 
es a ee pee) oe Sane) 9, | Sir 
2/3/22 ...| 3 - — | = |S] = —-) ~~} — 3/—|/—!| 8 
9/2/22 ... 4 = | = = | =.) 5 6 Ba |e 4) 2/ 21 99 
2/3/22 ... 4 =a —|}|—]— 1 iP ileal Sel, a ae 
B/2/22).;. 5 | (Vest ie SG oi 26 26 37 || 41 | 28] 4] 1 189 
3 20 | 24 38 | 30 | 52 | 38} 6| 2| 215 
3 1 4 Py on | i | eee | a=] ae 
— — 2 2 2 2 es | al 
| 
THIRD YEAR GROWTH. 
CENTIMETRES. 
| Winter | Set wl ote lees 
pees 20 | 21 | 292 | 298 | 24 | 25 | 296 | 927 | Total. 
Rings. | | | } 
Sr Pee ope ee Meee 3 | ad 2 | esa 
3 | a be 8 
4 = = = 3 Sig 5 6 a! 8 29 
4 4 = _ _ — i 4 4 Gb Se Weel 
| 5 2 7 30084 46 46 20 4 = || ae) 
5 2 5 26 44 46 52 30 On ny “te bons 
| Ge a 2 3 4 1 2 1 — | 13 
Grandia | il ied (ae 2 4 1 = 2 12 
| | | 
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TABLE ITI. (Continued), 
FIRTH OF CLYDE SAMPLES.—FOURTH YEAR GROWTH. 


CENTIMETRES. 


















































a 
Date. WES bso Ion lors le bh aa || ay | a9 Total. 
Rings. 
9/2/22 4 1 1 5 8 4 6 Bees 29 
2/3/22 ee ee = 3 4 Bol) 1 17 
9/2/22 5 6 35 | 57 | 67 || 19 a) Ss 189 
2/3/22 5 7 30 | 68 | 64 | 299 | 13 4 (= 215 
9/2/22... 6 3 3 3 2 1 ial = =e 13 
2/3/22 .| 6 and 7 — 3 1 5 1 1 1 — 12 
| 
FIFTH YEAR GROWTH. 
CENTIMETRES. 
| | ij 
| i P | 
Date. Oe eee acres |) eeeieay | Bo | an Total. 
Rings. | | 
9/2/22 Be | ee ao aize ego laa ro) | 2 129 
2/3/22 Bihy == Be |) hile SAN r5o || Lane Fie es 215 
] 
9/2/22 ...| 6 ta 5 Bl ei = 13 
2/3/22 .|6and7}| — “= 4 5 1 1 1 — 12 
































(st) 
~l 


TABLE III. (Continued). 
IRISH SEA SAMPLES.--ARDGLASS, HOWTH AND KILKEEL, 


FIRST YEAR GROWTH. 


















































CENTIMETRES. 
Winter ties | | | 
: rn | | | 2 Q | poi) r F 
Date. eet! he | 6 | i le Sil) 9 10 | 11 | 12 | 13 | 14] 15 | 16 | 17 | Total. 
as oe i iN | : ee, ane ee: 
| | | | 
28/6/21 2d Sse asd dg A aA | Tet 72 
6/8/21 ... aes ee a | oh SN Sab an te ie 
9/9/21 ... eee Se a oi ae 2 a | 830 
22/10/21 2 ea ela Gh Fe Gul SOMO nh ccm [ele (elena. 
| 
28/6/21 Sela 0 sey te) O86 | 4 4 |, 5) 6: esa ee eo 
6/8/21 ... Se — pes Oe aaa Sh) 28) SONG on eel eae 69 
9/9/21 «.. Si cee cm leh |e ew ee il a Ral |) 5] =|) il 
22/10/21 3! 2] 6/47) 12/ 17/48] e110) 5| 4) 21]/—|/—|]—] 96 
28/6/21 7 eT Ma aa a aaa cry she Mea el IS lal Ee Ar 
6/8/21 ... 2 ee era le Mee |e ata a ar Ua Pea 
9/9/21 ... > ie || SPS Pe On CORRE a a a So 37 
22/10/21 Alt Al | | |) S34) TI) Sa aL) ey) at Se 
28/6/21 Sesh het | Demon eS | Iie tla Pelte te th), dis 
6/8/21 ...| By AT Ry), ee eMac CASTS Baltes ah act 
9/9/21 .... eee ae te RGe | OF mes elie 1S) On| Shleeean —— IP Gy, 
22/10/21 Kamal 4) == Peay) Tl si) tn See aes Fees) oY ee alee 8 
| | | | 
23/6/21 |6and +| — | — | — | feo. | cotiiare Hees renee earl hoze eee el eo 
26/3/21 ...)6and +| — | —] 2 6 7 | 1 Ol 2) 3 | 1 1 ney ee 27 
Reet. 6and +|—|— | 3] 5| 4| 41] 12 | aly cep desl mo yAlmarda af | a 
if 
| 
; Pe 











TRISH SEA SAMPLES.—ARDGLASS, HOWTH AND KILKEEL. 
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TABLE III. (Continued). 


SECOND YEAR GROWTH. 


































































































CENTIMETRES. 
Winter : 
Date. inter | 49 |'13 | 14.| 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 28) ‘Total. 
Rings. : 
28/6/21 2 pr eee ea i 735) 24 || aan ee 
6/8/21 ... 2 fae fa fas wl) a) 8) Sh) a) ai—| a} ae 
9/9/21 ...| P| a eS BR ek NG Bl | | ao 
22/10/21 2 SSNs ty wy) By Sel way iy Bi] 2 || os 
28/6/21 esl a ata) 1 ee ey TE | ay eh a a | = |} non 
6/8/21 ... as at ae orang I is | ak | -@ || ae 
9/9/21 ... Be ean ee eal | onl) Maley ee SESE Shc |} Til 
22/10/21 SSeS alae) Ae yA ee ee A a a=) we 
} 
28/6/21 fp fall ai} Bi a 1 1 A ee |) | 12 
6/8/21 ...| A Se ay a RW atoy ak sae no) ak fo |] AS 
9/9/21 ... Css ies Sh my Sy si A ela | Sil a2! a7 
22/10/21 a ae Pe a a) ot a) Se ee 
28/6/21 Bo = Te |] a ee ah Bal feel) age oi ea eee are 
6/8/21 ... 5 1 | =) 3) 2 Siow) gin y a) si) aa 
9/9/21 ... el as ay Ne MO aren Ge Bae) ay 
RNP Hemeyss| PSS Pasi a at || iy ai} i) ih) 8 
PAG Grane | eas) a RA Oe ae Se |) |) le 
BySj20 ealiGand elb—= I 90) Sel 5 a es She ese en 
EM pl Genco) =a Te a ee ala) By Bia fp— | ae 
| 
THIRD YEAR GROWTH. 
CENTIMETRES, 
Bak eieedien ian ui | ] 
Date, | Winter) jo | 90 | 27 | 29 | 98 | 94 |) 95. | aauuereeee 
Rings. 
| ' 

28/6/21 3 7 23 33 15 12 10 1 — | 101 

6/8/21 3 _ 1 2 6 16 27 | 12 5 69 

9/9/21 3 = 1 ee) 2 5 lh es 1 11 

22/10/21 ... 3 TF eeltriaal | S501 Met an emia 5 | 2. | = ge 

| 

23/6/21 4 ws = 1 4 3 4 = = 12 

6/8/21 4 = = 1 8 25 16 5 — 55 

9/9/21 4 — 2 3 3 6 17 6 — 37 

22/10/21 ... 4 = 1 8 7 3 2 = = 21 

28/6/21 5 = 1 ae 2 5 4 ae 1 13 

6/8/21 5 2 1 6 12 12 9 2 = 44 

9/9/21 | 5 = == 6 14 25 16 6 = 67 

22/10/21...) 5and +; — il il 2 Zi — 2 — |} 8 

28/6/21 ...|Gand+{ — | — 5 4 eee eee | 

6/8/21 .... 6and + 2 5 7 3 7 2 it — 2 

9/9/21 ....6and+| 1 3 5 15 13 5 2 — 44 
—---— - ——} 


oy) 


TABLE III. (Continued) 
IRISH SEA SAMPLES.—ARDGLASS, HOWTH AND KILKEEL. 


FOURTH YEAR GROWTH. 





















































CENTIMETRES, 
DAT eo on ale cacao | eoqn omuMMeRe Non Mlmagat 
Rings. 
E Nie | aa 
23/6/21 4 -_ = 1 2 5 | 4 a 12 
6/8/21 ... 4 = = 1 2 25 24 3 55 
‘9/9 2iller: A = i |) 2 Z| eh 7 37 
22/10/21 4 | — — te Sas Soule tl — 2 
28/6/21 io) = = as 3 7 2 1 13 
6/8/21... 5 = 1 2 11 21 7 2 44 
9/9/21 ... § || = = 1 10 31 21 4 67 
22/10/21 |5 and +| — — OF aly 2: hea Sk 1 8 
28/6/21 |6and +) — _ 4 7 1 = == 12 
6/8/21 ...)6and +) — 1 4 Seales 6 == 27 
9/9/21 ...|6and +| — 1 Hy | nli7 18 6 1 44 
FIFTH YEAR GROWTH. 
CENTIMETRES. 
Datel tl oe | Sapeiweee le e7e hose \crotale 
Rings. ; 
28/6/21 Hi] ce 2 7 4 — 13 
6/8/21 5 == at 16 14 3 44 
9/9/21 5 = 6 29 24 8 67 
OOM coll enel eI) al] 2 2 2 1 8 
28/6/21 ...| 6 and + 3 6 Se I — 112 
6/8/21  ...| 6and + oN a Sie) — 27 
9/9/21 ...\6and+/ 1 | 9 24 9 1 44 
| 
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TABLE III. (Continued). 
IRISH SAMPLES.—DOWNINGS AND GALWAY, 
FIRST YEAR GROWTH. 






































































































































CENTIMETRES. 
} oy | | | | a 
Date, | Wintee |) 4! 5; 6! 71 8] 9| 10141 / 12°] 13'| 14 |) ae) tenemoem 
Rings. | | 
| | 
licen eae aca =a eaearcti 
| ia 
8/6/21 ... ee eee ene ree ee a er Al eee | 
13/12/21 2 |—|—|} 2}—] 3] 1] 5 | 56) | 7) 99) aie 
8/6/21 ... BS he 4 | 94 07) @ |) 9°) 5 eae 
13/12/21 3 |—|/—|—)| 5] ia) >s) a5) to) av | 6) aie 
8/6/21 ... Sy a a ae eS a gh eo" | ee ee ee 
13/12/21 4 | |e) zal] abe: OM eaS | 6) 5 | woe ae 
SYGPAU nas aS sis alg a) 2 | 2 = | Sohionh ale 
13/12/21 Ba aN Pe aire ye) Sa | ee eee 
8/6/21" ...|(6.and +-|-— |) — 3 3 ie) 8 G2 hl) & 6 1|/—| 44 
Ii 12/20 Whang = ase el kel oa) oh Nee lee arate, bree S38 
SECOND YEAR GROWTH. 
CENTIMETRES. 
Date. | bali 14] 15 | 16] 17-| 18 | 19 | 20, 21 | 22 | 23 | 24 | 25 | 26 | Total. 
us, | 
— ihe : pen 
8/6/21 ... 2 fee See ge 
13/12/21 2) — | yaa |) oe) a5) tol zi 9 |= ee ee 
SVG/21 2. 3 |/—]—] — WH Bl) VS OD AG | Bi 2 — | — 2 
13/12/21 3. | =| -2| 2 |hoay) a>) esc 291) aed) a2) a5] 33) ee 
8/6/21 ... ae) 1] 2) Dia} 2) 2) @) @) 3) — | eee 
13/12/21 4 1) 4) 3) 7) si} el @) 6) 7) 4) oe 
8/6/21 ... Biase | le] PS sie ie | 4) 4) 2] 2) a) 2) 
13/12/21 a ee es | Se ee) 
8/6/21 ...|6and +) 42) 6) 1) 3) 34) 7140) 4:7) 2 a ae 
13/12/21 | Gand’=-| —= || 1) 2) 2) ae | ee ee Se 
| } | 
* 1 under 11 cm. 
THIRD YEAR GROWTH. 
CENTIMETRES, 
‘j D | | \) 
Date, | Winter | 99 | a1 | 22 | 93 |, 24 | 25 | 96 | 97 | 98 | oanetnopen 
Rings. | 
| | | 
8/6/21 ... Se ee 3 Cente |" at 2 ||, eae ete 
13/12/21 | 3) — | — i 6. | 20) |} ss) 926 | as ie Dee eer 
8/6/21 ... Fi ee 1 6 | 2 8 | 3 | =) 23 ee 
13/12/21 | gat eee a Sep 9 10) i 0 13 3. | ean eee 
8/6/21 ... a |e a 3 1 2 6 2 4 1) ee 
13/12/21 5 oe se 3 10 | 18 g | | {pee eee 
3/6/21 ..../6and +| 2 4 3 Bile) gt tat n 2 | =) |. eae 
18/12/21) 67nd | 2 ie ee 1 1 ee ee 9 
i | 














4] 


TABLE IIT. (Continued). 


IkISH SAMPLES.—DOWNINGS AND GALWAY. 


CENTIMETRES. 











FOURTH YEAR GROWTH. 



































Winter : 
date : 23 2 25 26 27 2 2 Tota 
Date Ries: 3 4 a] 6 7 8 ) 30 Total 
8/6/21 4 = 1 1 6 6 6 1 = 24 
13/12/21 ...| 4 = — A We 7 24 18 4 a 54 
8/6/21 5 _ 2 2 3 4 5 3 2 21 
13/12/21 ...| 5 _ = 1 11 12 5 = = 29 
8/6/21 .| 6and + 3 3 2 Ns a) 1G; i) oS 2 — 4k 
13/2/2166 andes |= —— = 2 4 i i 2@ =e = 9 
FIFTH YEAR GROWTH. 
CENTIMETRES 
aeR | al 
Date. ey Cone (eoeuy | on ome |). ose hoon IN somalesie I rotal: 
Rings. | | | 
: oe al, pao 2 ae SS 
{ 
RGZIL Soe 5 — == 2 2 5 4 6 2 21 
TBP Bee 5 | — = = 5 1: 7 3 — 29 
8/6/21 /6and-=| 1 2 2 9 7 | o 4 == 44 
12/12/21 ...!6 and +| — _ 1 2 | 2 = = 9 


























LERWICK 


TABLE III. (Continued), 
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SAMPLE.-—15 miles N.W. Ramna Stacks. 


FIRST YEAR GROWTH. 









































































































































CENTIMETRES. 
rae Oe 6 7 8 9 | 40°] ay | 12 | 23. |) ae i eppen 
Rings. | 
ere cr ne ac ee 
7/6/22 ... Ba SS DHL = 3 4 i 1 
4 = ae 1 4 DQ) 6 12 6 1 — 31 
5 4 8 9 18 22a ans 12 6 6 3 \ dor 
G _— = 2 4 Anne 4 — 2 — 18 
7and 4 2 = 6 5 Bh 8 1 — 1 31 
| | 
SECOND YEAR GROWTH. 
CENTIMETRES. 
Winter Fe 3 | arn an 
Date. f 12 13 14 15 16 17 18 19 | 20 || 21) ee25) otal 
Rings. 
7/22. an 3 — = — = = = 1 3 Bese al |) ili 
4 = = == — 3 5 4 5 5| 9|—] 81 
5 3 i 8 9 18 iil 13. | 2) ee ee 
6 = — = 5 3 1 6 Tales tl yy val || 3 
Tand + 1 2 1 4 5 4 7 3 3] 1) est 
THIRD YEAR GROWTH. 
CENTIMETRES, 
Date | eee") a7 | ag | ae 20 | eu Ibe ile: 24 | 25 | 96 | Total. 
Rings. 
7/6/22 3 — = == = == 2 fl 5 1 2 11 
4 = — — = 3 6 5 12 5 = 31 
5 —— 1 4 16 20 21 19 12 5 Selon 
6 — — — 1 4 6 4 2 il = 18 
7 and + il — 3 2 9 4 9 3 — —_ 3l 





45 


TABLE If1. (Continued), 


LERWICK SAMPLUS. 


CENTIMETRES. 


FOURTH YEAR GROWTH. 


15 miles N.W. Ramna Stacks 





























Datel oon ost | toa Neto5. | cog Nore tangs: | onotnl 
Rings. | | 
| | 
7/6/22 ... Jo, = 2 6 9 7 6 lee | meu 
Sele oh ase dle sie Wear |) dG 8 3 | 101 
OW oe 3 6 5 3 1 = 18 
Tand + 2, 9 | 7 11 2 — — pill 
FIFTH YEAR GROWTH. 
CENTIMETRES. 
Dates | | om | ox | a5 lige |) 97 |, a8, | 20 4ietotal. 
Rings. 
es ee ee a 
AW PZ, co 5 1 5 17 35 27 10- 6 | 101 
6 a ee 6 5 5 2 = 18 
Zand +| — 6 nal 8 6 _- — 31 
| 
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IL.—SIZE. 


By DOROTHY COWAN. 


In Table I. is given an analysis of the size of the herring samples 
examined during the past year. The size is, as in previous years, 
expressed to the nearest centimetre, 20-6 to 21-5 being taken as 
21 cm. 

It has not been considered necessary to give in Table II. all 
the samples in detail, as this would mean duplicating data already 
given in years past. An analysis of size for age is given for those 
that are thought to be the most important samples, and those 
from grounds not previously sampled. The latter include the 
samples from Great Yarmouth in June and October, Lerwick, 
June, 1922, Firth of Clyde, Irish Sea, north-west of Ireland, June, 
1921, and Galway Bay. As the Wick sample of 18th March was 
caught off the Butt of Lewis, and this is the first sample of spring 
spawners from these grounds, data for this sample are included. 

Data as to the origin of the samples will be found in the list 
given by Mr. Storrow (page 13). 

The most northerly samples were from Lerwick. The first 
of these was caught 2nd July from 25 miles south from Bressay. 
The majority of the fish were from 27 to 29 em. in length, and were 
fish principally at stages II. and III. This sample is interesting 
when compared with the second sample from the same port, caught 
24th August, 8 miles E.S.E. from Bressay. The August sample, 
as will be seen from Table I. of Mr. Storrow’s paper, was very similar 
in age composition to the July sample, but the size was larger. 
Large numbers of fish were under 28 and 29 em., but there was 27 
per cent. at 30 cm. A comparison of the samples is given below, 
and the difference in size will be seen to be most marked in fish 
with five and more winter rings. The August sample (II.) consisted 
of spawning fish and spents. 
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CENTIMETRES. 

Station. Date. Wimter 53 04 25 296 27 28 29 30 31 32 Total 

Rings. 5 
Lerwick I»... says HA eilye aee 3 Ite Siete) GCS eile cme ae ae IO 
Lerwick IT.... sao. PALSY PALL son 3 —- => ¢6 9 2 6 1L— — — 24 
Lerwick I. ... PO Ufzile wreee Gh a 8 8 0 1— — —-* 29 
Lerwick IT.... ee CES Hie cae Le fa Bi ee A eye his} 1— — 3 
Lerwick I. ... Bea TA fl ime Gy Se a aes ala all 2 — — 43 
Lerwick IT.... goo EY Sy PAN 53 5 — — — 3 611 9 13 #1 1 44 
Lerwick I. ... Br AN PAL, Maso 6 — — — — 2 9 6 2— — 19 
Lerwick IT.... Bre PY Sy PA ras Cry a A ON iy deem Ba ee) abe, 
Lerwick I. ... See iee nee C—O ie eG ea —— ee —— 88 
Lerwick IT.... noe AY Sy RAL eon 7 —- —_—- — 1 1 Cm 2 a: 4 1 39 
Lerwick I. ... Son Pally eRe 8 — — — 1 Qa S32 8) 2 Oe == 1 3l 
Lerwick IT.... spe ey Pal ere 8 1 5 9 4 —— 119 
Lerwick I. ... bao PAYPAL Ges 9, — —- — — 1 As “80 32 1 — 16 
Lerwick IT.... Bon ee key pe) lorie 9 — — — — 1 if VAT Mas: 2 — 14 


Sample III., Lerwick, from 8 miles N.N.E. of Lamba Ness, 
4th March, 1922, was from a spawning shoal. It contained many 
old fish, the majority of which had six to nine winter rings. It 
was a large sample for size, most of the fish being between 31 
and 33 cm. 

The last sample from Lerwick was taken on 7th June, 1922, 
from 15 miles N.W. of the Ramna Stacks. It was a sample of 
spent fish, and these fish were smaller in size than those of 4th 
March, and also younger (page 29). In size these fish were from 
26 to 28 cm., and a comparison of the data given in Table II. will 
show that the age was not the determining factor as regards size. 

The first sample from Wick was taken on 23rd August from 
3 miles from Clyth Ness. It was a small sample for size, most 
of the fish grouping themselves at 24, 25 and 26 cm. 

The February sample from Wick was caught 7 to 8 miles 
west by north of Whiten Head. As will be seen from Table 1. 
most of the fish were from 28 to 31 cm., but the number under 
30 cm. was less than that under 29 or 31 cm. This is accounted 
for by the size and number of fish with six, seven and eight winter 
rings, the data for which are as follows :— 


CENTIMETRES, 
Winter Rings. 28 29 30 31 32 33 Total. 
6 3 2 6 9 5 — 25 
id = — — 5 1 — 6 
Sand + — _— 2 13 15 3 33 
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On the 17th February and the 18th March samples came from 
10 miles from Cape Wrath, and 14 to 15 miles N.W. by N. from 
Butt of Lewis respectively. These samples were unlike. The 
Butt of Lewis sample had fewer fish with four winter rings, and 
more fish with seven to nine winter rings. The majority of the 
fish in the Cape Wrath sample came between 27 and 29 em., whilst 
the Butt of Lewis sample contained many fish between 31 and 33 
em., and had 14 per cent. under 28 em. As will be seen from the 
following data this difference in size is not so apparent in the 
younger fish with four winter rings, but the larger growth is evident 
in the fish of six, seven and eight winter rings. 





























CENTIMETRES, 
Ne Nessie | 
Station. Date. | Biss. | 96 | 07 | 28 | 29 | 30 | 31 | 82 | 38 | 34 | Total. 

| Winter | 
Wick IIT. ...| 17/2/22 | 4 eleeyal) ceo) eS eS | = | |) aoe 
Wick 1V. ..| 18/3/22 a 4 |) Tes) a) ee) ae ep | te 
Wick III. Seale 2/22) oe SP Sy Oe i B= | — | — | ae 
Wick IV. see!! TUSY BYRD) 5 5 a ease 16a a 1|—|]—]| 24 
Wick IIT. soo! IFPRI ota) G sip a BO |) Bijee a=] — | 2a 
Wick IV. se) 18/3/22). S| Sas) 2 oa! ei sil ai ae 
Wick IIT. ..-| 17/2/22 ...) 7 3 Be ee esl) 1) 
Wick 1V. eg /3/220- R= |S a |) Aa) |} — | oe 
Wick III. eee lt 2/22ee eS Sa yy eo | a 
Wick IV. ... 18/2/22 ...| ya SSS) Sv ae TG || |) ae 

| | 

















The Peterhead sample of August was from 5 miles east of 
Kinnaird Head. The size ranged principally from 26 to 29 cm. 
Further data will be found in Table I. 

Only one sample was examined from the Firth of Forth, and 
that was caught 9th February, 1922, between Burntisland and 
Alloa. The fish were, generally speaking, a year older than in last 
year's sample, and the size ranged chiefly from 24 to 26 cm., with 
small numbers under 28 and 29 cm. The smaller fish had much 
the same growth, if allowance be made for their being a year 
older, as was found in the sample from the same grounds in 1921. 
A comparison of the size of fish from the year-classes here follows:— 
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CENTIMETRES, 
TF . 
Station. Date. | Winter | 95 | 93 | 24 | 25 | 26 | 27 | 28 | 29 | Total. 
Rings. 
Firth of Forth ...| 10/2/21 ... 3 12' || 30) | 54 | 36) 14 2);—|— 148 
Firth of Forth ...| 9/2/22 ... 4 — | 12) 50] 99 | 40 3 1|-- 205 
Firth of Forth ...| 10/2/21... 4 2 33 ff, dial |) al? 3} |) = {| — 32 
Firth of Forth ...| 9/2/22 5 — | — 3 8 | 10 2 2 i Pai fie 
































* 1 under 31 cm. 


Of the five samples from Yarmouth one came from the mid- 
summer fishery, and the others from the October-December fishery 
of full fish. The first sample, 7th June, from 11 miles E.S.E. 
from Yarmouth, was composed principally of fish with four and 
five winter rings. The size ranged from 26 to 28 cm. The two 
samples taken 20th and 27th October from 11 miles N.N.E. from 
North Haisborough Light and 12} miles east by north of Yar- 
mouth respectively, were very similar in size. Most of the fish 
were from 24 to 26 cm., but the latter sample. had more fish at 
26 cm. and larger. This was due to a slight increase in the number 
of fish.with five winter rings. 

The 29th November and 15th December were the dates when 
the last two samples were taken. They both had the majority 
of the fish between 26 and 28 cm. 

These samples contained older fish than those of October, 
but this does not account fully for the difference in size. The 
following data show that the November herrings had a larger 
size for age than those from the sample of 27th October. 
































CENTIMETRES. 
eee | | 
Station. | Winter | 91 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | Total. 

Rings. 

| | | 
Yarmouth Ir. .... 3 | 1{—{17]30/22/ 5|—|/—/—|/—| 7% 
Yarmouth IV. ...| Bo iS |S | = Was Restle) Dot Mrmr Vicente 8 
Yarmouth IT. ... Bel |p Ey alist AD Ye | 40 
Yarmouth 1Y. ...| ia iG) 2) a 23 
Yarmouth II. ...| FASE cee AEN i ee 2a rcs lage an = 38 
Yarmouth IV. ... 5 —|{|—/]—/]—] 2/18) 17 On eon ta 46 
Yarmouth ITI. ... 6 |—}]—|}—}]—|— 2 1 4 2 — 9 
Yarmouth IV. ...| 6 —/—|—|—)}|)— a il 8 5 at | 16 
Yarmouth Il. ... 7 —/|/—|}—|—)}|— 3 5 3 2|;— 13 
Yarmouth IV. ... 7 —!— | —|—) — 1 | 10) 14 Al es 27 
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The Girvan samples, taken 9th February and 2nd March, 
were much alike, the size ranging principally from 26 to 28 em., 
and the largest number were under 27 cm. As will be seen on page 
29, they were for the most part fish with five winter rings. 

All the Irish samples are worth considering, as this is the first 
year that any quantity of Irish herrings has been examined. Size 
for age data are given for all the samples. 

Sample I. from Ardglass, 28th June, had most fish at 22 and 
23 cm. The second sample from 25 miles S.E. by 8S. of Ardglass, 
6th August, contained larger fish; the majority of them were 
from 26 to 28 em. long. The age composition of these samples 
will be found on page 29, and it will be seen that the August samples 
contained older fish than that of June, and fewer fish with two 
and three winter rings. This difference in age does not account 
fully for the difference in size. Fish with three and four winter 
rings in the August sample were larger fish than those of similar 
age in the June sample. 

CENTIMETRES, 


Winter 


Station. Date. é 21 29 93) (24 (25) 262i O tele 
Rings. 

Ardglass I. Ban etsy Aarpeall mag 2 6 28) 35) 1 16) 4 101 

Ardglass IT. tan. (ay hsy Mal 30— — 2 A DAS 2 eal 0) eee 69 

Ardglass I. ee 28 / GO) 20 eee LSS 1 2) 16a isi 12 

Ardglass IT. ... 6/8/21 4 — — — — 2» $5.30 8 55 


Only one sample was examined from Kilkeel, and that was 
taken 22nd October from 1 mile south of Kilkeel harbour. In 
size and age it resembled sample I. from Ardglass. Most of the 
fish were from 22 to 25 em, long, but the numbers at 24 and 
25 cm. were greater than in the Ardglass sample of June. This 
difference was caused by the size of the fish with two and three 
winter rings in the Kilkeel sample, but it is most obvious for the 
younger year-class. The data for the size of fish with two winter 
rings are as follows :— 


CENTIMETRES. 


Station. Date, Winter oy 91 32 93 24 25 Total, 
Rings. 

Ardglass I 28/6/20 4.) | 2 ioe 72 

Kilkeel ... ... 22/10/21 2 1° 5 feo 130 23. Me fae 


The Kilkeel sample was composed of spawning fish, and the 
June Ardglass sample was one of déveloping fish and virgins. 
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The Howth sample, taken 9th September, 18 miles E.N.E. 
from Howth harbour, gives an interesting curve for size. The curve 
has two maxima, a small one under 22 cm., and a larger one under 
27 and 28 cm. 

Reference to Table II. will show that this is due to the small 
number of fish with three winter rings found in this sample. It 
is worth notice that although the fish with two and three winter 
rings are similar in size to the June Ardglass and the Kilkeel 
sample, the fish with four winter rings are decidedly larger. The 
following data show this difference :— 


CENTIMETRES. 


Station Date. eee 24 day 2G NN 27 28 89» Totals: 
Rings. 

Ardglass I. LS lGiZilee + 1 2 6 3 ee, 

Ardelass Tl. . 6/8/21 ; 4 = BF Alby Sih) 8 Sys) 

Kilkeel 5 PAV AMOY 201 4 I 9 10 i eS Al 

Howth 9/9/21 t — 1 Se love wlelt z 37 


As will be seen from Mr. Storrow’s Table L., Maturity, this 
sample was, for the most part, composed of spawning fish. 

The Galway Bay sample was taken 13th December, and shows 
a decided contrast with the sample from the Irish Sea. Although 
composed chiefly of young fish, most of them having three and 
four winter rings, and 16 per cent. with only two winter rings, 
they were large fish. Table I. shows that the greatest numbers 
of fish were from 28 to 29 cm. in length, and a fair number at 
30cm. These fish were for the most part spents. 

In the Downings sample there are two distinct cusps in the 
The first is at 27 cm., and the second occurs at 
30 cm. There were twenty fish out of 130 which had attained 
a greater size than 30 em. Reference to Table I. will show that 
the data for size is influenced by the age composition of the sample. 
This sample contained larger herring than that from Galway Bay, 
but the difference is probably due to the Downings sample con- 
taining more of the older fish. The sizes of fish with three winter 
rings given below show the Galway Bay herrings are larger. 


size data. 


CENTIMETRES. 


Station. per toy en) Gn 27 (OS 20~« 80. Sh otal: 
Rings. 
Downings eels 3 -—- 1 16 16 5 1 —_— —_— 42 
Galway Bay 3 1 — 10 23 30 7 _ ] 77 
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Two samples were examined from Buncrana. The first was 
taken 24th January from 8 miles north from the mouth of Lough 
Swilly, and the second, 4th March, from 25 miles from Lough 
Swilly. The first sample contained the largest herrings yet 
examined from Irish waters, there being 22 per cent. at 31 cm., 
31 per cent. at 32 cm., and 18 per cent. at 33 cm. As will be seen 
from Table I. in Mr. Storrow’s paper, the fish were principally 
fish with four, five, six and eight winter rings. Both samples 
were mature fish; the first consisted of fish at stage V., and the 
second sample came from a spawning shoal. The age composi- 
tion of the March sample resembled that of the January, except 
that there were rather more fish with three winter rings. 

Attention was drawn in last year’s report to the difference 
in size of the samples of spring spawning herrings from Buncrana, 
and the samples of this year further indicate the possibility of there 
being shoals off the north-west coast of Ireland having different 
growths. The samples when compared as below show that the 
January shoals consisted of larger fish than were caught in March. 


CENTIMETRES. 















































| os : | 
Station. | Datc. | “iter | 56 | 07 | 28 | 29 | 30 | 31 | 32 | 38 | 34 | Total. 
| Rings. | 
| ~<a | all —_—! 

| | 
Buncrana T. po), AE fly pee 3 |=) | 2B 1) —}|—}] — | — | = 3 

| | | 
Bunerana ll. ...' 4/3/22 3 | 65) 10) 8) 4) ee ee 
Buncrana t. eee A POU ae 4 | — el eb Gy aly | 8 Ao | 37 
Bunerana II. ...| 4/3/22... 4) 23) 6 18.1 6s 18) is) es 
3uncranal. ...| 24/1/22 ... 5 |) = h8 5 | a a one ees 
Bunerana II. ...| 4/2/22 5 | —|—1] 4] 10)18) SS )——) =) — ) 
3uncrana I, wee) BLM OO" 2 6 | 116)2|| $225 Seal eal 
Buncrana II. ...| 4/3/22 ... 6) — | =| — | = aa) ee ee 
Buneranad.  ...! 24/1/22... in| | PNG) Gra |) ed 
Buncrana IT. 24/320 ee it = = | = | = 1 4} 6 = 11 
Bunerana 1, ...| 24/1/22 ... gl = | - Ney [al Se 
Bunerana II. ...! 4/3/22 ... 8 a eee 4 3) 12 6 3.) == Zit 

| 








When comparing the size of the herrings from the samples 
examined in 1919-20 it was shown that the more northerly shoals 
had a more rapid growth than those further south. The Irish 
samples yield further evidence of oceanic herrings having a quicker 
growth than those from narrower and shallower waters. 
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TABLE II—SIZE FOR AGE. 


CENTIMETRES. 





| Winter | | 
Sample. Rings, | 20), 21 | 23 24) 25)" 2 29 | 30 | 31 | 32 | 33 | 34 | Total. 
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* One fish at 19 cm 
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TABLE II.—(Continued). 


IRISH SAMPLES. 


CENTIMETRES. 
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TABLE II1.—(Continued). 


CENTIMETRES. 
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NOTES SUGGESTIVE OF FURTHER WORK 
IN HERRING INVESTIGATIONS. 


By B. STORROW. 


For some years now it has been the writer’s opinion that the 
most important result to be obtained from herring investigations 
was a knowledge of the fluctuations of the fishery, and that before 
any step towards the solution of fluctuations was possible the 
available facts with regard to age composition and migrations 
of shoals needed considerable additions. Other questions, doubt- 
less, deserve consideration, but those mentioned have occupied 
the greater part of the past two winters. Whilst it cannot be 
claimed that any definite conclusions of value have been reached, 
a number of facts and coincidences have been accumulated which 
are suggestive of further work. The chief of these are set forth 
below. 


AcE.—The herring becomes of commercial importance when 
it has three winter rings on its scales, that is, it is in its fourth year. 
Samples examined from the North Sea, from Wick to Scarborough, 
showed that the summer feeding shoals of developing herrings 
contained from 50 to 70 per cent. of fish of this age.* Samples 
from the Irish Sea and the north-west of Ireland also showed 
the importance of fish in their fourth year,t and from our know- 
ledge of trade terms and age, the following statistics supplied 
by the Department of Agriculture and Technical Instruction 
for Ireland, for the herrings branded at Ardglass during the summer 
fishery emphasise this importance :— 


BARRELS, 


Year. Large Fulls. Tulls. Matties. Spents. Total. 
1911 395 2,961 1,818 (38%) = 4.514 
1912 _ 4,205 6,688 (61°) — 10,893 
1913 5 2,671 5,731 (67%) 133 8,540 
1914 — ili 862 (88%) = 979 
1920 = 483 74 (13%) 26 583 





* Report, New Series LX., page 43. { Page 29 of this Report. 
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Some of the young herrings join the commercial shoals in 
their third year, but there is little evidence that fish of this age 
are ever present in sufficient numbers to make any considerable 
difference in the catches landed. Although some thousands of 
herrings have been examined from waters about the west, north- 
west and east coasts of Ireland, Stornoway, the Shetlands, north 
and east of Scotland and south to Yarmouth, very few herrings 
with ten winter rings have been found in the samples, and the 
number with nine winter rings has not been great. For a period 
of six years the herrings arising from one spawning are of import- 
ance in the catches, and throughout that time their numbers 
gradually decrease. Norwegian herrings and those found about 
the Faroes and Iceland are caught in fair numbers at a greater 
age,* but no sample of British herrings has been examined that 
showed fish with ten or more winter rings worthy of any considera- 
tion from a commercial point of view. 

Spawning shoals, autumn and spring, and shoals of full herrings 
off Yarmouth contain more of the older fish than do the summer 
feeding shoals. But these shoals are added to yearly, and their 
numbers are increased by additions from the summer feeding 
shoals of developing herrings which are, most of them, in their 
fourth year. 

It is hardly possible to exaggerate the importance of herrings 
in their fourth year, and the first evidence we shall have of the 
presence of a good year-class in the fishery will be from the 
increased catches made from summer feeding shoals. 

The term year-class is very convenient, but may be misleading. 
British herrings spawn in both spring and autumn, but young 
arising from both these spawnings in the same year cannot be 
referred to the same year-class. Last year, in October, large shoals 
spawned off Yarmouth and Lowestoft. When the products of 
this spawning enter our commercial shoals, in 1925, they will be 
referred, from age determination by means of the scales, to the 
1922 and not the 1921 year-class. For convenience the term 
year-class will be used, but it is to be understood it refers to the 
products of a spring spawning together with those from an autumn 
spawning in the previous year. 





* Pub. de Cire., No. 43: 
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In order to obtain a knowledge of our herring shoals after 
war conditions, a scheme of work was drafted in 1919, and samples 
were examined from Stornoway and the Shetlands, north coast 
of Scotland and south to Yarmouth. With the help of the Depart- 
ment of Agriculture and Technical Instruction for Ireland it was 
possible to extend the investigations into Irish waters in the 
following year. The samples examined have been reported on 
in previous papers, and from their age composition it is possible 
to make the following statement. 

From the north-west of [reland, the north of Scotland and 
the Shetlands, and south to Yarmouth, the year-classes of 1913 
and 1914 were good; the 1915 year-class was poor ; and the 1916 
year-class was fairly good. In other words, the hydrographic 
conditions over the whole of these waters had been such that they 
had had the same effect on the herring population. 

The catches made in 1920 and 1921 and the comparatively 
small numbers of the 1917 and 1918 year-class found in the samples 
from other than summer feeding shoals point to the 1917 and 1918 
year-classes being poor. . 

The age composition of some of the samples examined was 


as follows :— 
YEAR-CLASS. 


Locality. Date. 1518) 1917. L9G: 1915. VO WOES. W912. LOTT. 
Bunecrana ... Ana ey 2A | 5 29 ily 8 20 2 5) 1 
Stornoway ... ve. 20/2/20 — 28 25 i 116) 21 2, 1 
Lerwick Aor meet oh 2208 —— 1 15 8 44 2d D 1 
Yarmouth ... ... 20/11/20 — 4 30 10 il 17 11 on 


* 2 per cent. 1910 and 1 per cent. 1909 year-classes. 


It is clear from the above that the herring fishery depends 
upon widespread conditions, and a consideration of the 1904 
year-class will show that not only are the herring fisheries about 
the British Isles at times governed by the same conditions, but that 
the whole of the North Atlantic is involved, and that some local 
changes may take place. 


THE 1904 YrarR-cLass.—CANADIAN Waters.—Lea* from an 
examination of samples from Canadian waters has been able to 
prove that the herrings of the northern waters of the Gulf of St. 





* Report on Age and Growth of the Herrings in Canadian Waters. Canadian Fish. Exped, 
1914-15. 
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Lawrence and about Newfoundland gave a prolific 1904 year- 
class. In the south of the Gulf of St. Lawrence the year-class 
of 1903 was of greatest importance. 


NorTHeRN Warters.—Hjort and Lea* examined many 
samples from Norwegian waters and from the Faroes and Iceland, 
and the 1904 year-class was very good. 

It would appear that, whatever the conditions were which 
produced the 1904 year-class, it took as long for them (the time 
reckoned by the scales of the herring) to make way against the 
cold current from Davis Strait as it did for them to reach the 
waters of Northern Europe. 


Norru SEA.—The importance of herrings with three winter 
rings in summer shoals has been shown already. The 1904 year- 
class would appear in our east coast fishery in 1907, and if it were 
as rich as in Norwegian waters the fishery for that year would show 
a considerable increase. The catches made on the east coast of 
Scotland in the early summer and great summer and autumn 
fisheries were as follows in cwts.t} 

Year. 1904... 1905. 1908. 1907. 1908. 1909. 


Early Summer ... see) Ooo 210,090 €18,475 980,744 507,440 604.262 
Gt. Summer and Autumn 2,240,252 1,865,588 1,882,122 2,567,982 2,203,914 1,634,955 


THE CHANNEL.—Russellt gives some interesting data relating 
to the herring fishery of the Channel. The monthly landings of 
herrings in the counties of Devon and Cornwall are given on pages 
32-35 of Russell’s paper for both steam and sailing vessels. As 
the records for steam vessels are not uniform in that they show a 
large increase in the use of steam for herring fishing commencing 
1910, those from sailing vessels are considered here only. Further, 
the Channel fishery is carried on chiefly during the winter months, 
and the total landings for the three months, November, December 
and January of the following year, have been taken to show the 
fluctuations in the fishery. The quantities caught, number of 
landings, and the average quantity landed per vessel for the years 
1906 to 1911 were as follows :— 





* Pub. de Circ.,No. 53. + Reports, Fishery Board for Scotland. 
{Report on Log-Book Records relating to Mackerel, Pilchards and Herring kept by 
fishermen during years 1895-1911. Fish. Invest., Seties 1I., vol. III., No. 1. 
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Year. 1906 1907. 1908. 1909. 1910. 1911. 
@wts:. :.. ..- 108,829 54,279 42,985 100,368 105,541 62.836 
Landings atc 7,294 6,196 7,121 6,707 7,869 6.605 
Average ane 14 9 6 15 13 10 


Catches made during the summer months were small and 
irregular, but those for Cornwall during May and June are of 
interest. 


Year. 1906. 1907, 1908. 1909. 1910. 1911. 
Gwits:, .. Sete 1,001 3,890 574 202 ql 318 
Landings ae 428 501 158 126 353 191 
Average uae 2-3 6:7 3:6 1:6 0-2 Moy, 


There was a new year-class of value added to the May and 
June shoals in 1907, and in 1909 and 1910 the same year-class 
increased considerably the catches from the winter shoals. 

Fortunately Hjort* examined a sample from St. Ives in 
December, 1909, and the age composition was as follows :— 


Year-class. 1907. 1906. 1905. 1904. 1908. 1962. 1901. 1900. 
Percentages acolo i4 29 24 16 5 2 1 

This enables us to refer the increased landings from the May 
and June shoals of 1907 to the 1904 year-class, and points to the 
summer feeding shoals of the Channel having much the same age 
composition as those of the North Sea 

The quantities landed from the winter shoals indicate that 
the 1904 year-class was six years old before it made its appear- 
ance in the winter fishery. The age composition of Hjort’s sample 
shows that the 1905 year-class joined the same shoals when five 
years old, and also points to this year-class being almost as rich 
as that of 1904. ‘The joining of spawning shoals by comparatively 
young fish will be referred to later. 


Nortu-west oF [RELAND.—This fishery is of peculiar interest 
for it yields no evidence of the 1904 year-class being of any 
importance. It is evident that a very rich year-class has influenced 
the fishery, and the data given below show how it made its appear- 
ance in the summer fishery of 1909 and added considerably to 
the catches for three years. 


* Pub. de Cire., No, 53, page 160. 
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Year. 1902, 1903. 1904. 1905. 1906. 1907. 1908. 

May, June and July 7,500 11,600 32,500 18,400 33.400 41,700 51,600 
Summer als ... 16,400 11,900 36,000 19.600 35,3000 44,900 64,500 
Nota =e. 250 see 29.900 23,500 68,500 38,000 68,700 86,600 116,100 


1909. 1910. 1911. 1912. 1913. 1914, 


102,400 38,300 22,600 7,790 11,200 20;800 
159,600 130,000 98,100 22,200 18,400 41,200 





262,060 168,300 120,700 29,900 29,600 62,000 


The data given have been supplied by the Department of 
Agriculture and Technical Instruction for Ireland, and are for 
the ports of Donegal, from Killybegs to Lough Swilly, the minor 
ports being omitted. The early summer shoals, May, June and 
July were landed chiefly at Buncrana and Downings Bay. The 
fishery varies considerably, and is governed to some extent by 
prices, weather conditions and the number of boats. In the 
summer fishery totals for 1902 and 1909 to 1911 the February 
catches are included, and 1912 to 1914 the September and October 
catches are included. ‘The May to July herrings are a little smaller 
than those caught in the same waters during the winter months. 
They are known as matties, and are called virgin fish in the trade. 

Last year Mr. G. P. Farran measured and scaled a sample of 
herrings from this fishery on 8th June at Downings, and the scales 
were forwarded to me for age determination. The year 1921 
was an exceptionally poor year, and the catches made from early 
summer shoals were so small as to make it impossible to classify 
the fishery other than a failure ; yet the high percentage of fish 
with three winter rings shows that here, as in other areas con- 
sidered, fish of this age are of greatest importance in summer 
shoals. The age composition of the sample was as follows + — 


Winter Rings. 2) 3 4 5 6 74 8 9 10 
Percentages ... Sate 2 32 16 6 8 16 7 2 1 


It is possible therefore from trade descriptions and the data 
above to account for the greatly increased catches of 1909, and to 
say they were due to the very rich year-class of 1906. 

There are two coincidences in connexion with this year-class 
which are worthy of note. 
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It has been shown that for Channel herrings the waters of the 
Channel were favourable for the hatching and development of 
young herrings in 1904. A paper by Gough on the distribution 
and migrations of Muggiaea atlantica* is of interest. Muggiaea 
appeared at the entrance of the English Channel early in 1904, 
and evidently came from the Bay of Biscay. During the year 
it gradually spread up the Channel, and also drifted northward, 
crossing the Bristol Channel in July. In August and early 
September it was found in the Irish Sea, and had extended west- 
ward along the south coast of Ireland. By the end of September 
it had reached Valentia, and in November it was found in the 
southern part of Galway Bay. The dates and localities of the 
finding of Muggiaea suggest a current during 1904 moving from the 
Bay of Biscay towards the south-west of Ireland, and turning 
along the west coast. If this current continued during 1905 
it would arrive off the north-west coast in time to have an effect 
on the 1906 year-class as it had on the 1905 year-class of the 
Channel. 

Whilst there may have been some connexion between the 
distribution of Muggiaea and the 1906 year-class, a more probable 
explanation of its abundance appears to be in some much greater 
movement of Atlantic waters. In 1905 water of over 37 per mille 
salinity advanced to the north-east, threw off an area of high 
salinity, which in August reached the south-west of Ireland, and 
probably accounted for the high salinities found off the north- 
west of Scotland and in the North Sea.in October and November.+ 


Locu Fyne.—Loch Fyne is another area which showed no 
improvement of the fishery arising from a rich 1904 year-class. 
For some years previous to the time when this year-class should 
have made its appearance the fishery had yielded very small 
catches. The statistics available are of interest, and are here 


given. They are from the Annual Report of the Fishery Board 
for Scotland, 1920, page 55. 





* Pub. de Circ., No. 29. 
+ Matthews. The Surface Waters of the North Atlantic Occan south of 60° N, latitude, 
Sept., 1904, to Dec., 1905, page 286, North Sea Fish. Invest. Committee, 2nd Report, pt. 1. 
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Year. Cwts. Year. Cwts. 
1900 Pec 86,609 siais 1911 nae 16,352 
1901 $f 101,909 me 1912 ae 7,672 
1902 we 92,186 otk 1913 a) 10,696 
1903 ‘ier 74,193 iets 1914 ane 3,216 
1904 He 27,394 “ie 1915 ic 13,399 
1905 oe 16,352 Sai 1916 Bae. : 2,576 
1906 550 18,403 add 1917 sete 899 
1907 ia 13,699 me 1918 aan 5,763 
1908 a50 14,245 se 1919 Fate 41,973 
1909 aes 12,894 wi 1920 93,982 
1910 Fes 36.417 


The catches dropped in 1902, but the fishery could not be 
considered as a failure until 1904. A condition giving low catches 
has continued until 1920, a period of eighteen years reckoning 
from the first signs of failure. This period is a lunar period, and 
may be considered as approximately equal in time to a complete 
regression of nodes, or to two complete revolutions of perigee. 
Lunar phenomena and herring catches will be considered later. 

Fortunately we are able to refer to the present age composi- 
tion of the herrings of Loch Fyne which come from the Inverary 
Fishery District, in which are included the shoals of the Ayrshire 
coast. ‘Two samples were examined this year and came from 
Maidens Bay, Ayrshire coast, and the Ballantrae Bank. They 
were chiefly fish of the 1917 year-class, and the age composition 
of the samples was as follows :— 


WINTER RINGS. 





Logaiity. Date. 3 4 5 6 7 8 
Maidens Bay ... ee 2422) 5 12 78 5 ay 1 
Ballantrae 2/3/22 1 "7 7 5 ae —_ 


The last winter ring was taken as coinciding with the edge 
of the scale. 

A comparison of the Loch Fyne fishery with that of the north- 
west of Ireland yields some points of interest. The herrings differ 
from those of the north-west of Iveland, having a less rapid growth, 
and being therefore smaller fish age for age. Growth data will 
be found on page 35, and can be compared with similar data for 
Trish shoals given in the last Report. There is also a significant 
difference in the age composition. The 1917 year-class has yielded 
the bulk of the Loch Fyne herrings, whilst the 1916 year-class 
is one of the richest of the younger’ year-classes from the north- 
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west of Ireland fishery. A parallel to this is seen in the catches 
made from the two fisheries in 1909 and 1910. The first of these 
years gave an enormous increase in the yield from the shoals of 
the north-west of Ireland, and it was not until the following year 
that increased catches came from the Loch Fyne shoals. 

It would appear that, during the period of the failure of the 
Loch Fyne fishery, the conditions which determined good or poor 
year-classes, and which were present in the Atlantic, did not obtain 
to anything approaching the same extent in the Firth of Clyde, 
and that these conditions did not reach the Clyde area until a 
year later than they were off the north-west of Ireland. In other 
words, the failure of the Loch Fyne fishery has been due to a change 
in oceanic circulation. 


WEST OF THE SHETLANDS.—It has been shown that the North 
Sea, from the catches of 1907, contained very large numbers of 
the 1904 year-class. At this time the fishery of the west of the 
Shetlands was a failure. Some valuable data with regard to the 
Shetland fishery are given in the Report of the Committee appointed 
by the Fishery Board for Scotland to enquire into the Scottish 
whaling industry. The Committee received much evidence which 
emphasised the fact that the failure of the herring fishery of the 
west of the Shetlands coincided with the establishment of whaling 
stations on that coast. The opinion of large numbers of practical 
men cannot be considered lightly, but it may be that the failure 
was due, to some extent, to the same causes which brought about 
the failure of the Loch Fyne fishery. 

From the data given in the Report above mentioned (page 
13) the most important of the west side sections were Ronasvoe 
and Hillswick. The catches made at these stations were :— 


L903. 20234 crans: 1906... 1,406 erans. 
UGO4te ses T4525 =. . TOOT ae Bek: 
OVS) ae: SOOM ss IOS) ss oy O42, 


») 


The fishery failed in 1905, which was shortly after the failure 
of the Loch Fyne fishery, and this season, 1922, large catches 
have been made to the west of the Shetlands. A sample examined 
in June of this year showed the predominant year-class to be that 
of 1917, the same as was found in the shoals of the Clyde. The 
age composition of the sample was as follows :— 
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WINTER RINGS. 
Winter Rings. 2 3 4 5 6 7 8 9 10 
Percentages ... 1 6 16 52 9 5 : 

A further sample taken in the first week of July gave a much 
different age composition, and consisted of mixed fish, recovering 
spents, developing herrings and virgins. The growth varied 
considerably, from fish with an oceanic growth-to those with a 
very slow growth. This sample indicated that the recovery of 
the fishery was due to migrations. 

One of the chief difficulties in considering a fishery like that 
of the west of the Shetlands is the origin of the larval herrings 
which drift towards the coast. Spawning grounds we know exist 
between Lewis and the Shetlands, and it would require little 
change in the direction of drift for the young fish to miss the west 
coast of the islands. 


Tue WasH.—An example of the effect of drift on the distri- 
bution of young herrings is afforded by the Wash. Mr. Donnison, 
Inspector, Eastern Sea Fisheries District, in reply to a query 
about sprats and young herrings in the Wash in May, 1920, wrote 
as follows :—* Sprats and young herrings have practically missed 
this district for some years. | have known 100 tons to be brought 
to Boston on one tide. The fishing gradually fell off until the 
men did not care to fit out for it.” 

It is considered that sufficient evidence has been produced 
to show that the conditions which govern the herring fishery are 
widespread, and may extend over the whole of the North Atlantic, 
and also that in some periods what may be considered as minor 
fluctuations in oceanic circulation bring about local changes. 


MrcRaTIons.—We know little of the migrations of the herring, 
and the following is written with the idea of showing the probability 
of increasing our knowledge by a consideration of statistics and 
trade descriptions relating to catches. 

In the early months of the year, January to March, catches 
are made from shoals of spring spawning fish from the north-west 
of Ireland, about the north of Scotland, including the Shetlands 
and Orkneys, and in the Firth of Forth. This fishery is followed 
in April by a fishery for spent herrings which, in the North Sea, 
are caught by drifter liners for the purpose of bait, practically 
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anywhere from the Shetlands to Bergen Bank, and from North 
Shields to the Naze. In the southern part of the North Sea the 
spent herrings give the spring fishery from Yarmouth and Lowestoft. 
Early in May young summer fish are caught in the bait catches, 
and as the month advances the number of drifter liners gradually 
decreases, and herrings are sought nearer the chief fishing ports. 
Data have been given* which point to the young herrings moving 
shoreward from deeper water. On the Northumberland coast 
shoals of young developing fish may yield in some years the chief 
part of the catches as early as the middle of May, but as a rule it 
is not until the beginning of July that the huge shoals of young fish 
appear off the coast. During May and June the catches contain 
large numbers of recovering spents, and these, together with the 
May, June and early July shoals fished off the north-west of Ireland, 
west of Barra, west of the Shetlands and Orkneys, and the mid- 
summer fishery from Yarmouth and Lowestoft paint to the spring 
spawners shoaling when recovering from spawning. Few samples 
from these peculiar May, June and early July shoals have been 
examined, but the data given on page 30 for the north-west of 
Treland, west of the Shetlands, as well as the sample from Yarmouth 
in June, 1921, indicate that the recovering spents frequent summer 
fishing grounds until the early part of July. During this time, 
it appears from the Yarmouth samples that the herrings gradually 
improve in quality, the gonads recovering and a store of fat accumu- 
lating in the body cavity. 

After the beginning of July our herring fishery of the east 
coast depends entirely upon the shoals of young developing fish, 
and all trace of recovered spents is lost except for small numbers 
found in the samples. In August the grounds are invaded by 
shoals of larger and older herrings, and these, together with those 
of the young herrings sufficiently developed, form the autumn 
spawning shoals. The spent fish quickly disperse, leaving on the 
grounds small shoals of young herrings which have taken no part 
in the spawning. ‘These in their turn, by about the middle of 
September, disappear; they are unable to yield a fishery pro- 
ductive enough to keep the fishing vessels in the district. From 
the inspection of many herrings in the curing houses of North 





* Report, New Series VIII., page 28. 
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Shields in November and December, it would appear that the 
shoals landed at Mallaig indicate a shoaling of recovering spents 
from autumn spawners for the grounds of the west coast of Scot- 
land. These grounds are frequented at this time of the year 
chiefly by full fish about to become spring spawners. No data 
of a similar nature have been obtained for the North Sea. 

In September herrings are trawled in the vicinity of the Dogger 
Bank, and during the past two years large quantities have been 
caught on the Fladden Grounds. In a previous report* the opinion 
was expressed that the trawled herrings landed at North Shields 
were autumn spawners, but more complete observations and 
increased experience have convinced the writer that this is not 
a full statement. Spawning fish and spents occur amongst the 
trawled herrings, and in some catches they predominate, but 
many of the trawled herrings landed at North Shields in September 
and October are undoubtedly not autumn spawners. They are 
firm fish, and the state of the gonads points to their being the 
forerunners of the herrings which give the East Anglian herring 
harvest in October and November. Not many catches have been 
seen from the Fladden Grounds, but those observed have proved 
to be very like the catches made in the vicinity of the Dogger Bank. 
From this it appears that the grounds fished by trawlers are fre- 
quented not only by autumn spawners but also by immense 
numbers of spring spawners which have congregated there after 
their disappearance in the early part of July. 

During the same month, September, shoals of autumn spawners 
are fished off Whitby and Scarborough. On the grounds off 
Grimsby and about the south-western end of the Dogger large 
catches are made by our vessels and Dutch luggers. What the 
state of development of these fish is cannot be stated definitely, 
but from observations made on trawled herrings and the descrip- 
tion of the herrings obtained from fishernxen and curers it would 
appear that most of these herrings are spring spawners with the 
gonads far enough developed to be classified as full fish. 

The fishery from Yarmouth and Lowestoft in October and 
November is one mainly for full fish which are without doubt 
spring spawners. Samples from spawning shoals can be obtained 





* Report, New Series IX.; page 35. 
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and spent herrings may be observed in the catches, but the observa- 
tions made in the curing houses at North Shields leave no doubt 
as to the nature of the bulk of the fish caught. At this time the 
herrings have their gonads nearly fully developed, they are firm 
fish, and nearly ready for the act of reproduction. They are in 
the best condition, and it is this fact which accounts for the 
excellency of the East Anglian herring. The herrings disappear 
from the southern waters in early December. No sample of spring 
spawners has been examined which has given growth data com- 
parable with that of the East Anglian shoals, and the location 
of these shoals after early December is a matter of conjecture. 
That some of the November herrings return to Yarmouth waters 
in March as spent fish and remain there until June is evident from 
the data given on page 24. 


When reporting on the samples examined in 1913 * it was 
shown that the growth increment of the year of capture showed 
a change in the composition of the herrings of the Northumberland 
coast in early September. In a later reporty a consideration of 
the first year growth led to the conclusion that our local grounds 
received additions throughout the season. The extended sampling 
undertaken during 1919t yielded data which pointed to other 
grounds receiving waves of immigrants during the progress of the 
fishery. 

It was considered that if the evidence yielded by growth 
data had been read correctly the waves of immigrants would have 
shown an appreciable difference in the catches landed, and to test 
this the data in Table I. have been tabulated. The data relating 
to North Shields landings have been obtained from the officials 
of the Ministry of Agriculture and Fisheries at North Shields ; 
Mr. Beazor, of Yarmouth, has supplied me with particulars of 
the fishery of that port obtained from the Harbour Commissioners ; 
Dr. J. Metzeelaar, of Bloemendaal, Holland, has sent me the catches 
and fishing grounds of Dutch luggers; and the data relating to 
the Scarborough and Grimsby fisheries have been obtained from 
the Ministry of Agriculture and Fisheries. These data have been 





* Report, New Series IL., page 63. + Report, New Serics VIIT, page 37. 
t Report, New Series IX., pp. 25-26. 
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arranged to show for each week the number of catches made, the 
total catches, and the average catch. In connexion with the 
catches made by Dutch luggers the fishing grounds are given ; 
these are referred to by letters and numbers, and the corresponding 
latitude and longitude are given. 

For North Shields, data are given for three years. At the 
beginning of the season, which is taken as commencing when 
drifters depend solely upon the herrings caught, the bulk of the 
catches are taken from 50 to 100 miles from the port. Catches 
decrease until towards the end of May, when they increase, and 
this change is accompanied by a change in the fishing grounds ; 
the vessels now fish from 12 to 30 miles from the port. 

The data given for 1919 show increased catches towards the 
end of May at a time which coincided with a ‘change of fishing 
grounds to waters nearer the coast. During June the catches 
decreased, and it was not until the beginning of July that the 
fishery improved. The sudden change which then took place 
is taken as being due to a wave of migrants coming into the 
district. These migrants may have remained in Northumberland 
waters, or they may have moved to other grounds, but it is quite 
clear that they were not present in sufficient numbers to keep the 
fishery at a high standard during the middle of July. Towards 
the end of July the catches increased, and the improvement 
gradually continued until the middle of August, in which month, 
in the last week, there was a sudden fall in catches. This was 
followed by an increase in the first week of September, and then 
a decrease until the vessels landing at North Shields commenced 
to fish the grounds off Whitby and Scarborough. 

The years 1920 and 1921 show, practically, the same changes 
in the catches made throughout the season. There are differences 
but the data given show that the fishery depends upon waves of 
migrants coming into the district. The May migrants of 1920 
were about a week later than those of 1919, and in 1921 their 
numbers were insignificant. In July of both years the shoals 
were a fortnight later than in 1919, and lateness seems to have 
marked the migrations which gave the August and September 
catches. In 1921] vessels were fishing the Whitby and Scarborough 
grounds as early as 31st August, and in the first week of September 
these were the chief grounds fished. 
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From a consideration of first year growth the changes in 
the herrings on our fishing grounds oft Northumberland have 
been stated to be as follows.* Herrings with a comparatively 
small first year growth appeared on the grounds in the latter 
part of June and early July. Towards the end of July and in 
August fish with a comparatively large first year growth were 
more abundant, and in September the samples have been marked 
by the number of fish with a comparatively small first year growth. 

These changes in the shoals coincide with the catches made 
and the data here given suggest the possibility of timing the 
arrival of the herrings on the grounds. 


The close agreement between catches and movements of 
herrings to the Northumberland grounds as determined from growth - 
data, and changes in growth data observed in other shoals during 
the season,+ suggested the possibility of comparing the North 
Shields catches with those made from other ports. 

The catches landed in 1920 at North Shields, Scarborough, 
Grimsby and Great Yarmouth, as well as those made by Dutch 
luggers, are shown graphically in Figure If. : 

It will be observed that during July, August and September 
there is considerable agreement between the curves representing 
the North Shields catches (Northumberland coast) and those made 
by Dutch luggers in the vicinity of the Dogger Bank. Both curves 
show rises and falls in the catches, separated by the same intervals 
of time, but the highest catches made in the vicinity of the Dogger 
Bank are a week later than those made in Northumberland waters. 

After 25th September the North Shields catches were made 
chiefly off Whitby and Scarborough. 

The rise in catches made by Dutch luggers for the week ending 
25th September is followed a week later by an enormous increas 
in the catches made by vessels fishing out of Grimsby, and to a 
less extent by those made by Scarborough vessels. 

When the increase took place in September the Dutch luggers 
were fishing in an area bounded by 54° to 55° N., 1° to 2° E., and 
» the Grimsby vessels in 53° 30’ to 54° N., 0° 30’ to 1° 30’ E. The 





* Reports, New Serics VII. and IX., pp. 37, 25-31. 
7 Report, New Series IX., pp. 25-26. 
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Scarborough vessels were fishing close to the coast in the vicinity 
of that port. 

Whilst the difference of a week in the catches made off the 
Northumberland coast and in the vicinity of the Dogger Bank 
cannot be taken as referring to migrations of the same shoal of 
herrings, the nearness of the grounds fished by Dutch luggers and 
Grimsby vessels suggests the idea that the herrings were moving 
in a south-westerly direction. This idea is strengthened by the 
first signs of increased catches appearing in the north-east portion 
of the area fished by Dutch luggers in the week ending 18th 
September. The average number of barrels caught in the different 
portions of the area was as follows :— 


Week ending September 4th. 11th. 18th. 25th. 30th. 
54e307t0 55° Ni, 1° °30% t012o Hi oa 0 8 32 24 42 
DAS BUC tOl ods Ney Lcito) lees Onan. ste LO, 18 4 22 v3} 
54° to 54° 30° N., 1° 30’ to 2° Bh. ae 7 8 20 28 15 
542 054° 304 Ne. 1° tod? 307m. saa WA 15 16 41 36 
Grimsby Grounds (cwts.) nee ee BOO TA 76 ae 202 


Further evidence of a south-westerly movement of the herrings 
is afforded by the catches of spent fish made by Dutch luggers, 
and the value of this evidence is increased by the fact that no 
spent fish appeared in the catches previous to the first catch of 
spawning or “running” fish on the grounds. The first of the 
spawning fish were noticed on 7th September, but it was not until 
the 15th that any quantity was caught. The quantities of spent 
fish were not great until 21st September, and the first recorded 
for the grounds were caught on the Sth. Spawning took place 
in an area bounded by 54° 22’ to 55°.5’ N.7 1° to 1750 Shee 
chiefly in 54° 40’ to 55° 5’ N., 1° 80’ to 1° 50’ E. Spent fish were 
caught practically all over the grounds. The south-westerly 
migration of spents is best seen in the early period when spawning 
fish and spents appeared, up to 23rd September, and if the region 
fished and catches made be arranged as below the migration is 
apparent, 


AREAS. 
N.E. NE S.E. S.W. 
Catches of spawning fish ine a 2082 2 == cae barrels 
Catches of spent fish ... 560 ee 18 13 43 45 


The spawning grounds were in the upper portion of the north- 
east area, The spents taken in the north-west area were caught 


a) 
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near its southern limits, and those in the south-east area near its 
western limits. 

In the week ending 9th October one or two of the Dutch 
luggers were sampling the fishery on the grounds off Yarmouth, 
and in the week following the Dutch vessels, for which records 
are to hand, had all moved south. The highest catches in the 
season were made in the week ending 30th October, and in the 
same week the Yarmouth vessels took their greatest catches. 
But whilst the catches made by Dutch luggers were considerably 
smaller in the following week, no such feature marked the catches 
made by the Yarmouth vessels. As a result of many inquiries 
made of fishermen and merchants, there is no doubt that, whilst 
Dutch and British vessels may fish close together, there is a decided 
tendency for the Dutch luggers to fish in more easterly waters 
than do the British vessels. If this be the case then the catches 
made by British vessels point to the shoals off Yarmouth moving 
in a westerly direction. 

The data for catches made by Yarmouth vessels for the three 
years, 1919-1921, indicate the immigration of waves of herring 
shoals into the waters fished. In the early part of September 
many of the vessels landing at Yarmouth have caught their fish 
on Grimsby grounds, and a more detailed knowledge of catches 
from different grounds is necessary. A peculiar feature in the 
Yarmouth catches is the lateness of the season of 1921. It was a 
fortnight later than the two previous seasons. 

Attention has been drawn to the July shoals off the North- 
umberland coast being a fortnight later in 1920 and 1921. The 
years 1920 and 1921 were marked by abnormal activity of Atlantic 
waters. In the first year of this activity the Northumberland 
July shoals were a fortnight late, but no difference in time marked 
the Yarmouth shoals. In the second year not only were the July 
shoals a fortnight late, but the arrival of the shoals fished from 
Yarmouth were postponed for the same interval of time. The 
significance of this will probably be more apparent when hydro- 
graphic data for the years under consideration are available. 


Fivuctvations.—The finding of reliable statistics for a long 
period is one of the greatest difficulties when considering the fluctua- 
tions in the herring fishery, and the difficulty is increased by the 
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fact that few hydrographic data are available for years previous 
to 1904. 

A comparison of catches with salinity data was begun, and the 
data available for the English Channel, which have been reported 
on by Dr. E. C. Jee,* were used. The period covered is considered 
much too short. Except for a possible connexion between a high 
salinity early in the year, followed by a gradual decrease during 
the year of hatching, and a subsequent good year-class, nothing 
was found worthy of note. 

Owing to the war it was not until some time towards the end 
of 1920 that Professor D’Arey Thompson’s paper on “ Mean Sea 
Level and its Fluctuations” + came to my notice. The range of 
tide, or interval between mean high and mean low water, for 
Aberdeen suggested a possible connexion between hydrographic 
conditions, as indicated by tidal phenomena, and herring catches. 
The mean monthly values, in feet, for this range for the period 
1862 to 1913 were as follows :— 

ETE. TM. + 0V.. Vee ay Vale VAUUL? XS © PS ee 

9-01 9-14 9:25 9-27 9-12 9-04 9-12 9:34 940 9:25 9-01 8-86 

Maxima occur in March-April and August-September, and 
they coincide, practically, with the two chief spawning times, 
spring and autumn. 

The only data available which gave an indication of the pro- 
ductivity of the fisheries over so long a period were the quantities 
of herrings cured in Scotland. 

The nineteen-year period found by Professor Thompson for 
mean annual inter-tidal range at Aberdeen gave a curve which 
suggested a further relation between tidal phenomena and good 
years in the East Coast fishery, and a smoothing of the yearly 
herring cure of the East Coast in groups of three and five years 
hinted at the possibility of there being two maxima for herring 
catches in a nineteen-year period, one coming after the maximum 
for tidal range and the other following the minimum. In this 
connexion the herrings cured were dealt with from 1816, and the 
nineteen year period was assumed to hold good for the years previous 





* Bd. of Agric. and Fish. Fish. Invest., Series ITI. Hydrography. 
} Fisheries, Scotland. Sci. Tnvest., 1914, IV. 
} Fishery Bd. for Scot. Annual Report, 1920, pp. 128-131. 
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to 1862. The gradual increase in quantities cured due to improved 
fishing vessels * had to be considered also. 

Plotting out the monthly values for range of tide showed 
considerable differences throughout the period, and to obtain 
data in a form considered suitable for the purpose, the differences 
between the spring and autumn maxima and the summer and winter 
minima have been found and summed for each year. These are 
given in Table IT. 

It has been, stated before when reporting on herring investiga- 
tions that it was not considered the hydrographic conditions 
obtaining during the year of capture were the chief factor which 
determined the productivity of the fishery, and the opinion has 
been expressed that the conditions at the time of hatching were 
of greatest importance. This and the fact that the east coast 
fishery of Scotland depends chiefly upon the abundance of fish 
with three winter rings on their scales determined a comparison 
between tidal data and the catches made three years later. The 
result was not satisfactory. 

The samples from spring spawning shoals in 1921, following 
the abnormal activity of Atlantic waters in 1920, showed for the 
Firth of Forth and Broad Bayt what was considered to be an 
abnormal number of spawning herrings at the end of the third 
growth period. The sample from the north coast of Sutherland- 
shire in the same year contained also what was considered a high 
number of herrings of this age. Further sampling in the spring 
of 1922 has made it quite clear that the high numbers of these 
young fish were not due to accidental sampling. 'The cccurrences 
of these young fish in what is considered to be abnormal numbers, 
and the fact that in 1903, a year in which Matthews { considered 
conditions abnormal over the larger part of the northern European 
area, Fulton § found cod spawning in autumn in the North Sea 
suggested a new working hypothesis when considering fluctuations 
in catches and hydrographic data. This hypothesis is that the 
conditions preceding the year of spawning are of greatest 


* See “ Post-war Problems,’ Lieut.-Commander D. T. Jones, R.N.R. Fish. Bd. for 
Seot., Annual Report, 1918, page 3. 

+ Report, New Series X., page 90. 

+ Report on the Physical Conditions of the Fnglish Channel and adjacent waters, 1904 
and 1995, page 293. North Sea Invest. Committee, 2nd Report, Souther area, Cd. 4641, 

§ Pub. de Cire., No. 8. 
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importance in producing good year-classes. As there is a period 
of three years between the time of hatching and the joining of 
the commercial shoals in any great numbers doubtless other factors 
have their influence, but as they are thought to be of secondary 
importance they have not been considered yet to any extent. 

Figure II. shows graphically the number of barrels of herrings 
cured on the east coast of Scotland from 1862 to 1913, and the 
yearly values of the sum of the differences between spring and 
autumn maxima and summer and winter minima of tidal range 
as given in Table II. <A difference of four years between tidal 
data and herrings cured is taken. 

It will be observed that for a period of twelve years, from 
1867 to 1879 for herrings cured and from 1863 to 1875 for tidal 
data, the curves tend to run parallel. The greatest values for 
tidal data correspond with the greatest quantities of herrings 
cured, and the lowest points in the tidal curve are above similar 
points in the curve for herrings cured. For the following six 
years, 1879 to 1885, the curves are opposite in value, and the 
highest points for tidal data correspond with the lowest quantities 
of herrings cured and vice versa. From 1885 to 1891 (herrings 
cured) there is another period of six years in which the curves 
tend to be parallel, and this is followed by a six-year period in 
which the curves show practically the same as for the period 1879 
to 1885. The period 1897 to 1908 (herrings cured) can be taken 
as showing a general parallelism between herrings and tidal data, 
and that from 1908 to 1914 as having tidal data of highest value 
when the herring cure is at its lowest. 

From 1896 the actual herring catches for the east coast of 
Scotland are represented by the dotted line, and these emphasise 
the parallelism or convergency of the curves. 

In the two longer periods, 1867 to 1879 and 1897 to 1908, 
there is a tendency to change shown in the years 1873 and 1902 
respectively. There is also a doubt as to whether the year 1897 
or 1898 should be taken as the year of change. It is quite clear, 
however, that there is a periodicity in the relation between tidal 
activity and herring catches, and that the periods can be taken 
as approaching six and eighteen years in duration. Larger periods 
may exist and are suggested by the low values for tidal data 
coinciding with the comparatively small numbers of herrings 


ca 


cured in 1888 to 1891, but the increase in the catching power of 
fishing vessels makes comparison difficult. 

The comparatively high values for tidal data in the years 
1912 and 1913 would be followed by the year-classes of 1913 and 
1914, and these have been shown to be the most important amongst 
the older year-classes of our shoals. 

An interesting point with regard to this relation between tidal 
data and herring catches is that Helland-Hansen and Nansen 
found, for the years 1901 to 1905, there was a relation between 
the extent of coastal water and the sprat fishery, whilst Lea con- 
tinuing the investigations, 1910 to 1912, found that this relation 
no longer held. Helland-Hansen and Nansen found the curves 
representing the coastal water area and sprat catches tended to 
run parallel, and Lea that the high sprat catches of 1911 coincided 
with the small extent of coastal water in that year.* 

The periodicity shown above and the finding of two maxima 
for herrings in the nineteen-year period, found by Professor 
Thompson for intertidal range, have indicated the possibility of 
a lunar period of nine years occurring in our herring fishery. 

The quantities of herrings cured on the east and west coast 
of Scotland have been arranged in nine-year periods in Table IIT. 
for the years 1815 to 1920, and the totals for each year of the 
period from 1824 to 1913 are shown graphically in Figure iII. 
Data for Yarmouth catches, sepplied by Mr. Beazor, are similarly 
dealt with from 1869. 

It is possible if in any year herrings are found to be plentiful 
on one coast of Scotland and less abundant on the other that a 
concentration of fishing vessels will intensify the difference in 
catches, and also the gradual improvement in the catching power 
of fishing vessels may tend to make the totals for the later years 
of the period have a high value. 

The curves show some interesting points of agreement and 
difference. In all cases year number 3 is marked by high catches. 
For years number 6, 7 and 8 the west coast curve shows a poor 
fishery, whilst for the same years for the east coast high catches 
are indicated. The Yarmouth catches show a gradual increase 
in catches during years 7, 8 and 9. 





* Hjort. Fluctuations in the Great Fisheries of Northern Europe. Report and Proc. 
Verb., vol., xx., page 191. 
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QO. Pettersson in a paper * Tong Periodical Variations of the 
Tide Generating Force’ * has shown that the moon and sun 
have considerable influence on the waters of the earth, and that, 
the tide generating force varies through a nine-year period. This 
tide generating force which produces activity in Atlantic waters 
was at its highest at intervals of nine years from and before 1903.7 
It coincides with year number 8 in this paper, and is followed by 
an interval of four years by the increased catches of year number 3. 
This is taken as indicating that the activity of Atlantic waters 
has an effect on the production of a good year-class, and together 
with the fact that herrings with three winter rings have been 
found to be of such great importance in the fishery, it gives support 
to the working hypothesis that the conditions preceding the year 
of spawning are of greatest importance in determining a good 
year-class. 

The difference between the cast and west coast fisheries for 
years number 6 to 8 is taken as indicating the possibility of northern 
waters having some effect on the east coast fishery by bringing 
about variations in the flow of Atlantic water into the North Sea. 
In this connexion it is of interest to recall the following statement 
by Matthews.t “It may be accepted as an axiom that for the 
purpose of fishery investigations it is not so much the mean hydro- 
graphic conditions as the deviations from this mean which are 
of primary importance, and this holds with special force in the areas 
of which the fish fauna is fairly well-known.” An abnormal inflow 
of northern waters into the northern North Sea does not appear 
of itself to be sufficient to produce a good year-class, for the year 
1908, when cold water reached as far south as Aberdeen,§ was not 
followed by any indications of a year-class worthy of note in the 
herring fishery of the East Coast of Scotland. The best herring 
season since 1907 was that of 1910, and after that the catches 
gradually decreased. The 1910 catches were due probably to the 
extensive salt water inflow stated by Robertson!) to have taken 
place into the North Sea throughout the winter of 1905-6, and 





* Pub. de Circ., No. 65. 

+O. Pettersson. “ Climatic variations in historic and prehistoric times.’ 

t Report on the Physical Conditions in the English Channel and Adjacent Waters, 1906, 
page 271. North Sea Fish. Invest. Committee, 3rd Report, Southern Area, Cd. 5546. 

§ Robertson. Report on Hydrographic Investigations in the North Sca and Faroc- 
Shetland Channel during the years 1907-1908. North Sea Fish Invest. Committee, 4th Report, 
Northern Area, Cd. 4893. 

|| Op, cit., pp. 163-164. 
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brought about by the abnormal conditions existing in the Northern 
Atlantic. 

The Yarmouth fishery differs from that of the east coast 
of Scotland and also from that part of the west coast fishery which 
has been sampled from Stornoway. ‘The Yarmouth shoals consist 
of older herrings, and it is possible that other factors may bring 
about the increased catches of years number 7 to 9. In these 
years the tide generating force is at its highest, and Atlantic water 
reaches its greatest activity. It has been shown by Pettersson* 
that the herring fishery of the Baltic has fluctuated with the 
activity of Atlantic water as influenced by the position of the moon. 
The herrings penetrate into the Baltic according to the inflow 
of Atlantic water, and it is possible that large inflows of water 
of high salinity would drive or carry the herrings into the southern 
waters of the North Sea and be the chief cause of big catches, pro- 
vided always the herring population was large enough for the 
purpose. 

The increased catching power of fishing vessels has been 
referred to. This makes the reading of the Yarmouth data more 
difficult, especially for the years 1904 to 1913. From the catches 
made during the periods 1878 to 1886 and 1887 to 1895 it would 
appear that migrations, if migrations be the cause of the large 
catches in years number 7 to 9, are not so great during each period, 
and that the greatest movements of fish into the southern North 
Sea are separated by a period of eighteen years. 

A periodicity in migrations is suggested by the catches of winter 
herrings on the east coast of Scotland. For a number of years 
the catches from the winter fishery were small, and then came 
an increase. The maximum catches were made in the years 1902 
to 1905, and since then there has been a general tendency to 
lower catches. This is shown by the fellowing data supplied by 
the Fishery Board for Scotland. 


Year. Cwts. Year Cwts. 
1896 we 70,499 1905 nod 237,579 
1897 sae 65,853 1906 ne 190,551 
1898 ata 75,009 1907 aes 224,880 
1899 wag 112,174 1908 ares 170,065 
1900 me 190,875 1909 cae 65,681 
1901 oe 177,281 1910 ops 82,109 
1902 aes 276,682 19i1 sae 78,509 
1903 eas 220.799 1912 ASS 38,150 


1904 éce 276,195 1913 20 96,118 





* Climatic variations in historic and prehistoric times. 
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From various of the Annual Reports of the Fishery Board 
for Scotland it is clear that a period when the winter fishery of 
the east coast was highly productive occurred previous to 1896. 
During the last two months of 1885 large shoals of herrings were 
discovered where they had never been seen before. They were 
especially abundant off the Aberdeenshire coast, and in the Moray 
Firth and northward to the Pentland Firth they were in greater 
abundance than in any former winter. In the Annual Report 
for 1886 attention was drawn to the winter fishery, during the 
last two years, becoming an important industry nearly all along 
the east coast from the Firth of Forth to the Pentland, and during 
January to the end of March immense shoals of herrings were 
found along the coast, lying generally from one to six miles off- 
shore. This fishery was highly successful in 1887, and in 1888 
not so productive as in the two preceding years, whilst in 1889 
the fishery was still worse. From the fact that the herrings 
increased in size from 850 to the cran in 1887, 780 to the cran in 
1888, and 700 to 780 to the cran in 1889, there does not appear 
to have been any additions of young fish to the shoals, and it is 
possible the appearance off the east coast of such huge shoals 
was due to a migration in 1885. The size of the fish was great, 
and more in keeping with that of oceanic herrings than North Sea 
fish. The year 1885, reckoning the nine-year period from 1903, 
would coincide with the year of greatest tide generating force, 
and the interval between the herring catches of the eighties and 
those of 1902 to 1905 is approximately an eighteen year period, 
the same as Pettersson found for the Baltic fishery. There is 
this difference, that whilst the east coast maxima occur about 
1885 and 1904, the Baltic fishery then shows minima.* The high 
catches in Yarmouth waters in 1884 to 1886 further emphasisé 
the difference between the North Sea and the Baltic, and point 
to a periodic movement of shoals which benefits every nine years 
the British and Baltic fisheries alternately. If this alternation 
of periods holds good, our East Anglian fishery should have 
received the benefit of it during the past two years, and should 
benefit this coming season. 

The catches which have been made this year to the west of 
the Shetlands are probably also due in part to a migration which 


* Pettersson. Cliinatic variations in historic and prehistoric times page 21_ 
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has coincided with Atlantic water activity. Whilst the high 
number of herrings of the 1917 year-class in the June sample 
of this year indicates a change in the drift of larval herrings, 
another sample examined in early July points to other factors 
influencing the fishery. The mixed nature of the sample as regards 
development of gonads and growth (page 66) points to the shoal 
from which it was taken as having a composition which could be 
brought about by migrations only. 


One of the striking things in connexion with our herring 
fisheries of 1920 and 1921 was the poor quality of the herrings, 
and Mr. Beazor, of Yarmouth, informs me that in the whole of 
his twenty-six years’ experience he has not known herrings so 
bad as they were in 1921. He emphasised also the difference, 
to which attention has been drawn on page 23, between the Clyde 
herrings and those of the North Sea, and stated that during last 
season Clyde herrings were brought to Yarmouth and there cured. 
That this difference between the Clyde and the North Sea was so 
marked denotes probably a difference in time or intensity of the 
flow of Atlantic water into the Clyde area, as the poor quality of 
North Sea herrings coincided with an abnormal invasion of 
Atlantic water into the North Sea. 

It has not been possible to obtain any data relating to the 
quality of herrings over a number of years, but Hjort* gives some 
facts in connection with the condition of Norwegian cod. It was 
found that the quantity of liver obtained from Lofoten skrei 
(large cod) varied considerably from year to year, and a com- 
parison was made with the number of sun spots to see if there 
was an agreement between the two phenomena. Now, the sun- 
spot period during the years under consideration was approxi- 
mately a thirteen-year period, and no relation between the two 
curves is apparent. But if the cusps of the liver curve be con- 
sidered they will be found to fall in the years 1890, 1899 and 1908, 
showing clearly: a nine-year period. The years for the least 
amount of liver do not fall so regularly, but they tend to come 
midway between the maxima and to follow what have been stated 
to be years when the tide generating force of the moon approaches 
a maximum. 








* Pluctuations in the Great Fisheries of Northern Europe. 
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Hjort has stated the opinion and supplied data to support 
it, that the great fluctuations which take place in the quantity 
of liver from year to year are due chiefly to variations in the com- 
position in point of age and size, not in the quality of the fish. 
Now if this be the case, seeing that the greatest quantities of liver 
were obtained in 1890, 1899 and 1908, it is the same as stating 
that large cod tend to occur in nine-year periods. 

The following statistics for catches of cod for Nordland are 
taken from the Report of the Committee appointed by the Fishery 
Board for Scotland to enquire into the Scottish whaling industry, 
page Lo. 


Year. Thousands. Year. Thousands. 
1898 sae 16.897 1907 es 20,906 
1899 oa 17,401 1908 5 16,974 
1900 mals 10,796 1909 tie 19,874 
1901 oa 15,491 1910 a, 17,278 
1902 bale 17,959 1911 we 15,120 
1903 ee 19,441 1912 bes 24,602 
1904 ie 18,598 1913 nar 15.951 
1905 oe 16,831 1914 558 19,306 
1506 on 22 321 1915 aa 25,590 


From the catches of 1903, 1906 and 1907, 1912 and 1915 it 
is clear that if the large fish are predominant in certain years and 
give large yields of liver, governed by a nine-year period, in other 
years small cod come on to the grounds in considerable numbers. 
Great quantities of liver were obtained in 1908, and the next nine- 
year period would give 1917 as the year of greatest liver yield, 
therefore 1903 and 1912 were the years when young cod joined 
the shoals in greatest numbers. Hyjort states that in certain years 
(1903) greater numbers of young fish may be present. These 
years, 1903 and 1912, were years of great activity of Atlantic 
waters, and according to the above data they are marked by large 
numbers of young cod amongst Norwegian shoals of adult cod. 
The activity of Atlantic water in 1920 was followed by what is 
considered a high number of young herrings in our spring spawning 
shoals, and the activities of the year 1921 coincided with the poor 
condition of North Sea herrings. It is possible that the chief 
-sause of the fluctuations in the yield of liver from Norwegian cod 
is to be found in periodic changes in the flow of Atlantic waters, 
which tend to drive young fish into the shoals and lower the 
conditions of the older fish. 
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The year 1903 was followed by the year-class of 1904, which 
in 1913 gave 50 per cent.* of the cod examined by the Norwegians. 
The same year-class for herrings was the mainstay of the Nor- 
wegian fishery for a number of years, and gave the large catches 
of 1907 on the east coast of Scotland. The activity of Atlantic 
waters in 1912 was followed by the year-classes of 1913 and 1914 
in our herring fisheries. It would appear that the year 1921 will 
be followed by a good year-class of 1922. [Fish from this year- 
class should make their appearance in our herring fisheries in 
1925. 

It is possible, however, that the comparative value of the 
fishery of 1925 may be influenced by the number of young fish 
which spawned in the spring of 1921, and by hydrographic con- 
ditions which may occur in 1924 and drive young herrings into 
the spring spawning shoals of 1925 before they enter the summer 
shoals. The latter would lower the summer catches, just as in 
1921 it intensified the failure of the fishery. 





*Hjort. Op. cit., page 159. 


D 


“poopURIENAs Hurd Welo rod “soe JO 


aottd 0} S¥ UOISfVVP 





VUITUUTOAO Suiptiod dn prey SpIssaA « 







































































8S O&& 98 8 TOG0JO FST LLG G99, Te “ JaqojO Pus | 0-L9 FEL G ss FaGjoP~O PUG 
F-O1 16 T6 Togutaydog UPS Se 90T fe) daquioydag UFC 96S ggg LT qoquio}dag ILE 
LF Lest 06 JoqMmoezdoy U4LT SEL EOLT Sel raquroydos U48L CEL LOST OGL Taqumeydog W406 
GL Z9EL OLT qoquieydog POT ei QRS gS qoquoaydoy UFLT 16 €9GG T9G raquiaydeg UYET 
6G FCFL FOG joquioydoy pig 16 ORG OLS doquioydeg U}P Ge FOFO 189 ss qoqiueydag U9 
O24 OFLE GES vs gsnony ULE Ls GFOP 999 “ Qshony 486 @-OL perches) 90% ae ysnsny 406 
‘S FI8l ggg [t ysnsny 130G Tee L8G¥ eto *  Qsneny 4516 1GiAL FEEL FIG at ysnsny PLES 
QF 998% 96¢ | gsheny UST y-01 Fed Geo  qsnsny UT F&I TL8F Foe | susny UOT 
9° 996 GLP a qsnony U9 OL Gely 68¢ ss qsnemy U4 9-6 T9¢2 F8L a ysnony U6 
GP (dyerere C1 a Ayn (406 8 TOS 996 ee. AINE S16 0-01 E169 069 ae yshony pus 
OT 10eL F19 id AINE ples eit BFE CIE ae A[ug (FE 0-8 T8LV 16S nae Ane W496 
/e) $996 FS nie Ayo WOT LOL ES6E LEG , Ayo UyLT L-G LLEG SLY a Syne UO 
9-6 Toet e&P = AME 16 8:8 OGG Moe Ay Ayn UOT GP OLGE iO, — | ~ AynE WIL 
0-6 cOTT 996 fe Ayn pug FS C8PL cep cas Ata ple G-8T E809 Sée ae ATONE UG 
O-G FOG Cou allen oun f FES LG CFEL ape |r ouns 149% GZ LOL COC alias oun 148% 
9-1 SE& E1G Bor oun ISL = — — gee oung UIGT ST 90¢ Eee RES OUNF JSTZ 
9-0 &6 TFL ars oun UFLT 7G F8L 6GE a oun? UyEL 3G 48 PLS ae oun UPL 
8-1 ele 210) oun U4F LS €90T ‘0G aun U} GE T1eL Se aullinm aun U4 
0-6 Tel 9 ae AVIV USz 0-01 980 gol. |" AVAL U6 FEST TGR elie “AUIT YSTS 
GT cel G9 ri AUT STS LS T6L z9 ae AVI PUG 09 Wh pee AVI UTS 
Sey? GOL img ay AVY UFT OS COG 6¢ ae AVI UST E61 g Sy AV WLT— 
a & L a Av UL GL 06 él ei Av U8 9% z te AVL UOT 
a SSS ee 
“OSUVIOA VY *suBID “SHUIPUR'T “DUIPUD YOO AA ‘ODUIIA VY “sued | sourpuv'y “BuIpud YOO AL DBRBIOAV *SUBL) *spuIpu ‘SUIpPUI OO AL 
: TS6L ‘OZ6T ‘61G6L 


“oN WMG) SATUTHS 


HLYON—SuHoLvo ONDE 


‘T Wav 







































































“HLOOWYVA LVEAUN—SaHOLYO ON PURTSLIL 


*(ponuyyuog)—*p ATay, 





| | a 
OT 9E0E | C8T TOquooq WALT 
0G GLOP | CEG TOCQUIIDIT UOT 9 O02 elt TOQUIIDAT, UATT TI OL9T IeL * doqulodacy INET 
LG 9TTs8 | S06 “* Teqtooa(y pays 6G LEG EL | SEF “ Loqtuovoq WF &@ 6969 G8e “" doquiaoay 9 
OG GOOLE | 9FS8 | TOCUIDAON 199% OF FFC‘OS | CE9 IIGQUIOAON QE GE IE9‘FT. GL9 | TIQUIOAON 11962 
SE LIF ‘GL 680E | lqMIAON IGT 8¢e 889°CG | 608 | Joquiovon W0z 61 ZG'6T | LIOL TAQUIOAON puzz 
0z ZIT 8z C6EL | doquAON WWZT LE | 991's9 | £691 | ToquIoAoN mE] 98 0e6'T9 COL TOQUDDAON TCT 
0% LL6°GP GOES |" LOqUIOAON YE Lg 98FO | OZIT TIGUIIAO NS 149 LF 66816 696T |" aoquioAoN Wg 
TZ TPO'SP 9866 |" 19q0}00 196 8¢ OLOFSE | ZETE |" daqoxO 10 ¢ LESLE | “GGT |" jaquaaon 487 
GF 7868 PE8E ** t9qGo}009 puzz If 06666 LOFE | Toqoz00 pagz Ge StL‘9s | S6FE | Taqox0Q IVEr 
LT sess Geo |" Iaqoj009 WYACT Ze 0¢0‘00T | OFTE | * 1940PQO TOT $E OFL*C9 T66L |"  t9qo400 tET 
Sr SOZer | TgZ |" -taqoq09 Wg &Z | €h9'8F 6STE |" r9qoqoQ YG GE LOWCr 82ZT 9° 19q0}90 YATT 
Pit | 8g9c T4L  }* 190990 48T 6c ces ‘Fe SLIT |  aaqoqo9 pug LT 986°8T |} 9601 | — goqoqao VF 
8c €9tF | eS1 ToQuLaydog IFT OF FZ6 ‘OL BLS Loquraydeg ez ks ZILG | 696 | Toquaydoag YYWPz 
ZG | 2969 F&I T9quI9}d9g 1427 €F OFLE 98 TOC dag WET 18 2086 SII Toquioydoag Wy0z 
cE | 9986 | eg Toqutaydag 10T 6€ | 690¢ OST Toquaydog WALT eP 1ST¢ GL | doquioydog WW¢1 
cg OG6F i PE Loqtioydog pag e¢ | ¢sT¢ 09 | Loquroydag 1 F TZ L8GE as “ Toquiaydag 119 

= eee SS 
ODVOAW | stay ‘SSUIPUVT §— “Burpuo YOO AL ‘ODVIOAW *SUVID ‘SouUIpUvT | “Surpuo Yoo AY ‘OSVIOAW suey) ‘sourpuvy | ‘Surpuo YO AY 
| | | 
“TE6 “OZ6I “OT6L 


86 


TABLE I.—(Continued), 


HERRING CATCHES.—DUTCH LUGGERS, 1920. 











Week ending. Catches. | Barrels. Average. Chief Fishing Grounds. 
| 
3 | ; | 

a ae e i ie : L 31 = 55° 0'—55° 30’ N, 1° 0’—1° 30’ E. 
24th July ae 20 | 256 13 |} M. 30 = ee ae ONO Oe eee 
31st July * 37 | 183 5 M. 31 = 54° 30—55° 0’ N., 1° 0’—1° 30’ E. 
7th August See 16 144 9 
14th August ea 16 | 152 10 (iy AE hal 
21st August ae 15 208 14 fi IN. 3) = 54> (0/542 30 Ne oO es Omubre 
28th August... 26 | 209 8 | 
4th September ...) 36 | 414 Ieee g|| oeMieste 
11th September 44 | 623 | 14 |} M. 32 = 54° 30’—55° 0’ N., 1° 302° 0’ E 
18th September 47 | 940 20 Nevo: 
25th September 43 | 1294 30 |] N. 32 = 54° 0’—54° 30’ N.. 1° 30’—2° 0’ B, 
2nd October... 33 857 26 || M. 32; N. 32. 
9th October ae 33 728 22, ) N. 33 = 54° 0’—54° 30’ N., 2° 0’—2° 30’ E. 
16th October...) 26 1310 50 | @. 33 and 34 = 52° 30’—58° 0” N., 2° 0’— 
23rd October... 46 2218 | 48 ey oe 

|{ R. 33 and 34 = 52° 0’—52° 30’ N., 2° 0’— 
30th October ..., 40 3575 go) | De uue ee 
6th November ...| 22 703 32 
13th November ...) 50 1136 23 || Q. 33 and 34. 
20th November 39 209 5 |{ R. 33 and 34. 
27th November 66 1525 23 














TABLE J.—(Continued). 


HERRING CATCHES 1920.—(Drift Net). 





SCARBOROUGH. GRIMSBY. 

Week ending. Landings. Cwts Average. | Landings. Cwts. Average 
4th Septenber 160 13,300 83 62 pp oa. EE 
11th September 224 13,983 62 133 9.875 74 
18th September 226 12,746 56 102 7,709 | 76 
25th September 182 Mee 2 186 12,840 | a 


30th September | 100 5,012 50 69 13,923 | 202 
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TABLE Il. 


HERRINGS CURED (Barrels 1,000)—-SCOTLAND, EAST COAST 








(including Orkney and Shetland). 



































Year. 1 2 $ 4 5 6 7 8 9 
1815 74 117 127 244 295 342 242 199 305 
1824 257 321 233 326 290 252 367 205 315 
1833 372 270 413 301 390 428 448 413 521 
1842 495 491 378 427 480 459 493 580 450 
1851 459 420 647 543 642 489 450 522 364 
1860 527 545 626 521 467 448 471 574 437 
1869 457 607 679 686 807 867 842 513 684 
1878 773 627 1201 904 978 1048 1456 1319 1142 
1887 1090 873 1184 1122 659 1095 1288 1412 1394 
1896 1334 805 1593 OR4 1067 1452 1633 1471 1908 
1905 1931 1846 2371 1971 1689 2146 1875 1839 1580 
1914 1362 90 474 289 295 1076 S64 Bad (?) 
1824 
to 8695 6735 9325 7786 7669 8684 9323 8928 8783 
1913 
SCOTLAND, WEST COAST. 
1815 76 64 81 82 77 91 | 58 34 54 
1824 65 43 3 48 48 | 60 47 52 78 
1833 65 46 47 57 Fal || (eS yl ES 91 81 
1842 63 86 82 68 79 56 I+. 59 102 79 
1851 105 59 107 79 110 102 | 100 83 93 
1860 110 106 172 R8 143 153 | 174 230) 211 
13869 218 226 146 88 132 134 101 85 | 164 
m 1878 132 215 272 207 305 299 241 254 | 170 
_ 1887 214 246 214 181 267 163 122 106 | 134 
1896 158 185 a2 191 189 154 170 148 | 155 
1905 181 152 207 229 DO eile Se eet 133 307 
1914 252 85 163 188 O2r uel 2s en eps — 
1824 | 
to 1311 1364 1502 1236 1546 | 1295 1241 | 1834 1172 
1913 
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Figure IL. 
East Coast Scotland, and Tidal Data for Aberdeen. 
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SALINITY OF INSHORE WATERS. 


By E. M. MEEK. 


Owing to the very meagre information available as regards 
the salinity of inshore waters, it was decided to take fortnightly 
samples at Cullercoats throughout the year 1922. 

The locality of the station was as follows :—Cullercoats, 
beacons on; Tyne Lights, South Pier just clear of North Pier, and, 
with one exception, when the sea was too rough, the boat went 
exactly to this spot on every occasion. Unfortunately, however, 
owing to very stormy weather during the second fortnight in 
January, when none of the fishing boats ventured out at all, no 
sample was obtained for that period. 

The results (Table I) until the 16th of March show nothing 
of much moment, but the considerable drop in salinity on that 
date, and again on March 31st, had to be explained. It was noted 
that whereas the previous samples had been taken at or very near 
high tide, the two in question were taken several hours before 
that time. 

With this in mind, it was decided to take samples at the same 
spot every two hours during a complete neap tide and a spring tide. 
The dates fixed were April 6th and 13th, and the results are shown 
in Table II, and graphically in Figs. | and 2. 

The ebb tide. off Cullercoats runs in a northerly direction 
and turns seawards, whereas the flood tide is a southerly current 
which ends by turning towards the land. It is evident therefore 
that normally the ebb tide will have the effect of directing the 
outflow from the River Tyne towards Cullercoats, which is only 
one mile to the north of the river, and that a series of observations 
during a complete tide should prove this. 

Figure 1 shows that this is the case. The results, however, 
are apt to be disturbed by the winds. Those from the south and 
east accentuate the effect of the Tyne water on the salinity at 
Cullercoats, while those from the north and west tend to neutralise 
that effect. (Table II., Fig 2). 
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TYNE POLLUTION. 
By E. M. MEEK. 


‘ 


In February of this year an * Experimental Sub-Committee 


for Watershed of River Tyne’ was formed in connexion with 
the Ministry of Agriculture and Fisheries Standing Committee on 
Rivers Pollution. 

The members of this Sub-committee are as follows :— 


.—Dr. A. Meek, Chairman. 

.—E. G. Barnett, representing Federation of British Industries. 

—Alderman Wm. Clough, J.P., representing Tyne Port Sanitary 
Authority. 

4.—Dr. W. N. Haworth, Professor of Chemistry. 

5.—Dr. E. C. Jee, Inspector of Fisheries. 

6.—H. Paynter, Inspector of Fisheries. 

7.—F. G. Tuck, representing Tyne Salmon Conservancy. 

8.—H. M. Meek, Secretary. 


oS il 


Three meetings have already been held, and the motor yacht 
“ Evadne ” has three times made cruises up the Tyne for the 
purpose of taking samples of water from all parts of the river. 
The Tyne Improvement Commission has also kindly granted 
permission for experimental work to be carried on at the Swing 
Bridge, Newcastle—a badly polluted area—where samples can 
be taken and immediately analysed on the spot. 

This work has proved quite conclusively that the Tyne is 
frequently insufficiently oxygenated over large areas. 

The Sub-committee has had the good fortune, however, to 
begin its experimental work during a good year so far as the 
descending smolts were concerned, so the results of the analysis 





of the water samples will form an interesting basis for comparison 
in future years. 

At the first meeting of the Sub-committee, held at Armstrong 
College on Tuesday, February 21st, the causes of smolt mortality 
were discussed. 

(A) Drought.—Absence of a suitable freshet at the right time. 
(B) Sewage.—No attempt being made on Tyneside to treat or even 
screen the sewage. 


(c) Trade Effluents.—Especially those containing tar products 
and free mineral acids. 


It was generally felt that no practical measures could be 
recommended which would be likely to counteract the influence 
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of drought. The production of an artificial spate would be too 
costly a matter. The netting of smolts and their transfer to salt 
water was proposed, but for the present was not recommended 
owing to the difficulties and cost involved. In this connexion, 
however, experiments were carried out at Cullercoats to discover 
the effect of transferring smolts direct from fresh water to salt 
water. 

Inspector Crawford, of the Tyne Salmon Conservancy, kindly 
brought some smolts to the Dove Marine Laboratory, where they 
were placed in fresh water overnight to recuperate from the 
journey. 

Next day tanks were arranged containing :— 

(1) One-quarter sea water, three-quarters fresh water. 
(2) One-half sea water, one-half fresh water. 

(3) Three-quarters sea water, one-quarter fresh water. 
(4) Sea water undiluted (Salinity 34.25). 

The smolts were transferred direct from the tresh water to 
the above tanks with practically no handling, and all stood the 
transfer to salt water with perfect equanimity. 

Some time later another batch of smolts was brought to 
Cullercoats. The weather was very warm at the time, and the fish 
had been handled while they were being caught, so arrived in an 
exhausted condition. In order to make the test as severe as 
possible they were immediately transferred to a tank containing 
sea water, but this proved too much for them, and it is hoped to 
repeat the experiment next spring with larger numbers of smolts 
and under more variable conditions. 

As the first two proposals were impracticable in the mean- 
time, it_was agreed that the most practicable measure was to abate 
the degree of pollution in the tideway at the time when the smolts 
were descending to the sea. The Sub-committee therefore recom- 
mended that Mr Tuck should draft a suitable letter to be sent 
out by the Tyne Salmon Conservancy to all firms discharging 
noxious effluents, inviting them to hold up all such discharges 
until 2-3 hours following high tide, during the descent of the smolts. 
The firms in question sent very satisfactory replies to this letter, 
and offered to do all in their power to assist the Sub-committee. 

The trout smolts this season began to migrate in the second 
week of April. There was a fair amount of water in the river at 
this time, and the weather was cold, so they were able to pass 
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through the polluted area with very little mortality, and it was 
not till May 11th that a sudden short spell of very hot weather 
caused the death of a number of smolts above the Redheugh Bridge, 
at the Gateshead side of the river. 

As soon as this information was received, Mr. Tuck telephoned 
to the Team By-Product Co. and the Gateshead Gas Works asking 
them to hold up their effluents till 2-3 hours after high tide, so 
that they would be carried immediately down the river. At great 
expense and trouble to themselves these two firms complied with 
the request, and undoubtedly did a considerable amount of good, 
for which the Sub-committee is extremely grateful. 

On Friday, May 12th, twelve of the dead smolts (all trout) 
found on the shore beside Gateshead Gas Works were sent to 
Cullercoats for examination. In every case the gills, &c., were 
found to be impregnated with tar. 

On May 15th a large number of brown trout were found 
in the Derwent below the paper mill. No deaths had been 
notified above the paper mill, but as the fish had been stored for 
over a week before being submitted for examination, the cause 
of death was not definitely ascertained. 

The salmon smolts began to migrate about May 16th under 
rather less favourable conditions than the trout smolts had 
experienced at the beginning of their descent. 

On May 26th further samples (the majority, salmon) were 
sent to Cullercoats. These had again been found near Gateshead 
Gas Works, and were covered with tar. 

On May 30th information was received that the smolts had 
finished running, and Mr. Tuck telephoned next day to the two 
firms releasing them from their promise to hold up their effluents 
till the ebb tide. Unfortunately the information was somewhat | 
premature, and hundreds of salmon smolts were found dying on 
June 7th, but it was decided that nothing further could be done | 
in the matter this season. 

Appended will be found tables and graphs showing the salinity 
of the Tyne at different points visited by the “* Evadne ” when 
cruising in the river for the purpose of taking water samples. | 

The details of the analyses of these samples have been with- © 
held in the meantime, and will be published later in the special 
report to be submitted by the Sub-committee. 
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at North Pier. 
a faekicy | a | Time. fees 
| 
H.—6 ft. Mouth of Ouseburn (south bank | 2-45 p.m. | 10:32 | 1-0 pau. | 1 ft. 
of river) 
: 13 ft. | [= = | A248 | 
J.—6 it. | ‘yneside Brass and Iron |3O0pm. | 6-73 30pm. | 5 ft. 
Foundry | 
20 ft. | | 13-42 
K.—d ft. Cochran-Carr’s Firebrick Works | 3:25 p.m. | 5-99 
18 fi. | 15-16 
L.—6it. | Opposite Ouseburn (return 4-0 p.m. 13:06 5-0 p.m. 19-25 ft. 
| journey) | 
14 ft. (North bank) ses ae Bee 13:5 
| 
TABLE IV.—JUNE 26TH, 1922. 

Station. Locality. Time. Salinity. neck = eae 
ar = i a Time. | Height. 
A.-—6 ft. At sea, approaching Pier head ...) 9-5 a.m. 33.96 9-0 a.m. 1-0 ft. 

30 ft. 33:96 | 
B.-—6 ft. Shields Engineering and Dry 9-40 a.m. 31-06 9-50 acm. | Zero 
Dock Co, 

12-15 ft. 31-56 

C.—6 ft....|. Jarrow Slake oe we eel ODIs 28°53 10-0 a.m. | — -05 ft. 
18 ft. 29-88 10-30 a.m.) — -05 it. 

D.—6 ft. Near Walker Picr as ..-| 10-40 a.m.) 22-61 10°45 a.m. 0-25 ft. 

KB. —6 ft. Hawtiiorn, Leslie & Co, ... ..-| 11:20 a.m.| 21:18 11:0 a.m. | 0-5 ft. 

Bottoin | 21-38 
F. —6 ft. Ouseburn .... hes non eee |e OU acme 20:95 

Bottom | 21-0 
G.—-6 it. Redheugh Bridge ... sae seo| LI5b ane] LS-60 

Bottom 20-52 
6) it. Month of River Team... ese] 12°5) pum. 16-69 12-0 a.m | 3:0 ft. 

Bottom 22-56 | 
K.—6 ft. Mouth of River Derwent... | 12°30 p.m. 16-31 | 

Bottom 12-86 1:0 p.m. 6-5 ft. 
L.—6 ft. 12-45 p.m.| 11-82 | 
M.—6 ft. 4 mile below Newburn Sus- 1:0 p.m. 11-00 2-0 p.m 10:25 ft. 

pension Bridge 
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A NEWVARIETY OF PLEUROCRYTA GALATHEAE 
FROM THE NORTHUMBERLAND COAST. 





By F. W. FLATTELY,. M.Sc. 





In August of last year (1921) when shore collecting close to 
St Mary’s Island (Northumberland) I secured a specimen of 
Galathea squamifera, which proved to be parasitised by an adult 
female Pleurocrypta, carrying a male attached to the underside 
of the abdomen. 

Since the specimen appears to coincide completely neither 
with Pleurocrypta galatheae as described by Bonnier nor with the 
P. longibranchiata of Sars, and since also properly authenticated 
records of these parasites are distinctly rare from British coasts, 
a short record of its chief characteristics would appear to be useful. 

A striking feature of the female is its perfect bilateral symmetry. 
This, though not a diagnostic character—the degree of asymmetry 
in Bopyrids being usually subject to variation according to the 
particular position occupied by the parasite in the gill chamber— 
is of considerable interest physiologically since the present specimen 





Fiacure I. 
PLEUROCRYPTA GALATHEAE. 





1.—Inner aspect of first right oostegite. 2.—Outer aspect of same. 


‘loluuog Aq poinsy usutioads Jo spodoatq—e 
UO MIYL.UBDUL AULDS LapUN “WU f{IpY sjonba ,S 


‘peqiiosep o1oy uouttoods e[vutoy Jo spodos,q—'F ‘g[VU JO ooVjJanSs [VsIoq—« 
‘OTVULF JO OOVJAMS [VIJUIA—Z ‘aTVULF JO 9oVZANS [VsIogq —T 


“UOMIYLUHHU AMS JapUn ‘“wWUL aUO syonba {Tt 
SISNHIVTI@NOALYON “9% WVAHHLVIVO Vi Iidx£dOOU NA Td 
[ alvig 





if sa OP ae 





” 
» 
1. 
5 f : 
¢ 
Mf SS 
! 4 
* 
_ a 
‘ 
. 
te 
Te - 
* 
7‘ 7 é 1 
i 
Aa 
, 
a, iA 
e ¥ 
* — : 
i = ~ 
E ic 
| . 
a an ra 
1 
‘ 
: , vl 
¥ 
{ . - 
i ~ 
* o. it 


~ 
ets eu . 
yy Ser 
he 
aty ’ j 
Rae it 
: , Lie 
x : Ki 
on iat +. 
bl Vv ‘as r 
f 
‘ 7 ‘i 
: 
' F i. 
a 4s 
i 1 
y 
2 
! 4 , 
‘ , 
a o, < 
a ; 
; , 
q oe 
Fd 
eye 
d be) 5 
i era 
i : 
: ; ¥ x 
hs 
7 
. F 
ry 
e 
‘ 
. > : 
) 
¥ res | . 
= : 7 = © 
ae: 
y 
. - 
© 7 
: os Hx teed 
2 i 





99 


“was fully grown and had exerted sufficient pressure upon the left 
gill-cover of the host to cause it to become conspicuously deformed. 
Of greater importance for the determination of the species is the 
character of the pleopods, which are flat, leaf-like and perfectly 
smooth (Pl. I., Fig. 4) in contrast to those figured by Bonnier for 
P. galatheae, which are markedly tuberculate and appear to be 
cylindrical rather than lamellar (Pl. I., Fig. 5) The first pair 
of ineubatory plates differ from those of Bonnier’s specimen in 
certain points of detail, the importance of which, however, it is 
not intended to stress. 

British records of Plewrocrypta galatheae on Galaihea squamifera 
include those of Loughrin from Polperro, of the Rev. A. M. Norman 
from the Shetlands and of Tattersall from the west coast of Ireland. 
The form figured by Bate and Westwood as Phryxus longibran- 
chiatus from G. squamifera, which Sars has described as a distinct 
species Pleurocrypta longibranchiata, is regarded by Bonnier as 
merely the young form of P. galatheae. Bate and Westwood also 
refer to the Rev. Norman’s announcement of this same form Phryxus 
longibranchiatus as occurring upona specimen of Pagurus thompsonr 
dredged from Tynemouth, 1863, but this is almost certainly an 
error—as Norman himself later admitted—due to confusion of 
this form with a species of Pseudione, probably P. hyndmanni. 
Dr. W. T. Calman has very kindly compared my specimen with 
those of P. galatheae in the Norman collection, labelled as from 
Starcross (Devon), from Jersey and merely as ** British,” and states 
they all differ from my own in general appearance and in having 
the pleopods conspicuously more tuberculated. 

There is room for confusion in connection with the identification 
of Epicarid parasites as a result of the difference of opinion among 
specialists as to whether a particular species is or is not definitely 
restricted to a single species of host. Giard and Bonnier take the 
first view, Sars and Hansen the second. Thus, as already noted, 
Sars ascribes to Galathea squamifera a second species of parasite P. 
longibranchiata, in addition to the one (P.galatheae) already admitted, 
Tattersall, who has taken both forms from separate individuals of G. 
squamifera, inclines to agree with Giard and Bonnier that they 
are really one and the same species. The fact that Sars’ P. long- 
branchiata is distinctly smaller than P. galatheae also points to 
its being a young form of the latter. In any case, the authority 
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of Giard and Bonnier is such as to make one extremely hesitant 
of establishing new species, and I will therefore content myself 
with recording provisionally the specimen in my possession as a 
variety of the type species, viz., Pleurocrypta galatheae, var. north- 
umbriensis. 

A summary of such characters as are generally used for 
diagnosis is appended. 

The female measures from the frontal margin of the cephalon 
to the extremities of the uropods 13 mm. Colour, yellowish white, 
unpigmented : form, perfectly symmetrical with pyriform outline, 
the fact that the pleura of the right side are bent slightly back- 
wards being the only evidence of the pressure exerted by the cara- 
pace of the host: thoracic somites uniformly decreasing in width 
from the third to the first. and from the third to the seventh ; 
lateral cuticular extensions of the thoracic somites (pleura) leaf-like, 
semi-transparent. longer than the somite itself and overlapping, 
the posterior portion of each pleuron overlapping the anterior 
portion of the one immediately following. The margins of the 
somites immediately proximal to the pleura marked by crescentic 
or reniform cuticular bosses which are continued as longitudinal 
ridges along the posterior margin of each segment; pleura 
developed on the first five segments of the pleon and slightly 
wider than the segments themselves, somewhat crescentic in 
shape and semi-transparent. Antennules, antennae and maxil- 
lipeds normal. pereiopods completely concealed beneath the pleura. 
Outer surface of first pair of incubatory plates (Fig. 1) sub- 
divided into an anterior and a posterior portion by a deep 
groove or hollow fold: the anterior portion with its surface 
covered with small tubercles and its posterior margin (bordering 
the fold) somewhat crenate, the posterior portion, which in the 
natural position is concealed beneath the incubatory plates 
immediately following. with its surface smooth, and prolonged 
behind into a blunt tongue-like process. Inner surface of the 
first pair of incubatory plates similarly subdivided by a prominent 
transverse crest (“ créte interne” of Bonnier), showing a short 
series of three or four shallow digitations at its proximal end, but 
not. as in Bonnier’s specimen. bordée de petits tubercules arrondis 
placcs sur plusieurs rangs: five pairs of fiattened pleopods on either 
side, triangular in shape with elongated apices (which, in the 
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case of the two anterior pairs, are used for clasping the male), 
and smooth, non-tuberculate surfaces: a single pair of elongate, 
triangular uropods, with sharp apices. 

The male measures 2-1 mm. in length, and corresponds closely 
with Bonnier’s description. Head rounded ; eyes distinct: the 
seven thoracic segments all approximately of same size: pleon 
unsegmented, terminating in a roundish apex. Antennules and 
antennae three-jointed, terminating in a bunch of short, stiff 
hairs; pereiopods normal, the terminal claw (dactylopodite) 
most highly developed on the most anterior appendages and 
gradually decreasing in importance. Pleon without appendages. 
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EFFECT OF TEMPERATURE ON GROWTH OF 
YOUNG BLENNIES (ZOARCES VIVIPARUS). 





By E. M. MEEK. 


Amongst some experiments which are being made on young 
fish (as to the effects of various conditions on growth) the influence 
of temperature on young blennies is being observed. In the case 
of this experiment two tanks were used: one was allowed to 
remain at the normal temperature and the other consistently 
maintained at a higher temperature. In each of these, blennies, 
from the same mother, born in the Laboratory, were placed and 
measured every week for the first two months of their life, and 
subsequently every fortnight. Unfortunately some of the blennies 
died, but it will be seen (in Figure 5), as was expected, that the 
higher temperature leads to more rapid growth. 
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A NEW SPECIES OF ENTEROPNEUSTA FROM 
THE NORTH SHA. 





By A. MEEK. 





The specimen was captured in a haul made with a Petersen 
grab during a survey by the Ministry’s research vessel, “ George 
Bligh,” on August 22nd, 1921, at a depth of 52 fathoms off the 
Longstone. It thus comes within the Northumberland area, 
and it was sent to me by Dr. E. 8. Russell for identification and 
description. 

It proves to be a new species of the genus Glossobalanus, and 
has been called Glossobalanus marginatus. A full description 
is given in No. 264 of the “ Quarterly Journal of Microscopical 
Science.’ Here it may be said that the specimen is the anterior 
end of a mature male, and that it is peculiar in having been pro- 
cured from a great depth and in the following structural features :— 
the large genital wings ; the row of genital pores being not quite 
marginal, but protected by a thin process of the margin containing 
a short third branch of each gonad ; the general brown pigmenta- 
tion concentrated in a paired row of spots along the ventral aspect ; 
the asymmetry of the branchio-genital region of the body, and of 
the glandular ridges of the body wall; and in the asymmetrical 
disposition of the post-branchial caecum of the alimentary canal. 

The occurrence has led to an attempt to associate with the . 
genus Glossobalanus a Tornaria larva previously obtained at 
St. Andrews, distinguished by its broad anterior region and its 
simple ciliated bands. A larva of this character has been found 
in a Plankton gathering made off the Longstone on July 27th, 
1921, by the Laboratory’s motor boat, “ Evadne.”’ It is con- 
cluded that a series of isolated communities of the species occurs 
along the east coast of Britain, the larva being the connecting 
link between them. 
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